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PREFACE. 


The  remarkable  advance  in  the  Science  of  Mineralogy,  dnring  the  years 
that  have  elapsed  since  this  Text-Book  was  first  issued  in  1877,  has  made  it 
necessary,  in  the  preparation  of  a  new  edition,  to  rewrite  the  whole  as  well  as 
to  add  much  new  matter  and  many  new  illustrations. 

The  work  being  designed  chiefly  to  meet  the  wants  of  class  or  private 
instruction,  this  object  has  at  once  determined  the  choice  of  topics  discnssed, 
the  order  and  fullness  of  treatment  and  the  method  of  presentation. 

In  the  chapter  on  Crystallography,  the  different  types  of  crystal  forms  are 
described  under  the  now  accepted  thirty-two  groups  classed  according  to  their 
symmetry.  The  names  given  to  these  groups  are  based,  so  far  as  possible, 
upon  the  characteristic  form  of  each,  and  are  intended  also  to  suggest  the 
terms  formerly  applied  in  accordance  with  the  principles  of  hemihedrism. 
The  order  adopted  is  that  which  alone  seems  suited  to  the  demands  of  the 
elementary  student,  the  special  and  mathematically  simple  groups  of  the 
isometric  system  being  described  first.  Especial  prominence  is  given  to  the 
** normal  group''  under  the  successive  systems,  that  is,  to  the  group  which  is 
relatively  of  most  common  occurrence  and  which  shows  the  highest  degree  of 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  of  the 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Physical  and  Chemical  Mineralogy,  the  plan  of  the 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary  prin- 
ciples of  the  science  upon  which  the  mineral  characters  depend ;  this  is  par- 
ticularly true  in  the  department  of  Optics.  The  effort  has  been  made  to  give 
the  student  the  means  of  becoming  practically  familiar  with  all  the  modem 
methods  of  investigation  now  commonly  applied.  Especial  attention  is, 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  micro- 
scope. Further,  frequent  references  are  introduced  to  important  papers  on 
the  different  subjects  discussed,  in  order  to  direct  the  student's  attention  to 
the  original  literature. 

The  Descriptive  part  of  the  volume  is  essentially  an  abridgment  of  the 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1892). 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referred  for 
fuller  descriptions  of  the  crystallographic  and  optical  properties  of  species,  for 
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analyses,  lists  of  localities,  etc. ;  also  for  the  authorities  for  data  here  quoted. 
In  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  various  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  **  Diff./'  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters,  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  localities  of  minerals,  which  appeared  as  an  Appen- 
dix in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  unnecessary  since  it  is  accessible  to  all  interested  not  only  in  the 
System  of  Mineralogy  but  also  in  separate  form.  A  full  topical  Index  has 
been  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  volume  to  well-known  works  of  other 
authors — particularly  to  those  of  Grotb  and  Rosenbusch — are  too  obvious  to 
require  special  mention.  The  author  must,  however,  express  his  gratitude 
to  his  colleague.  Prof.  L.  Y.  Pirsson,  who  has  given  him  material  aid  in  the 
part  of  the  work  dealing  with  the  optical  properties  of  minerals  as  examined 
nnder  the  microscope.  He  is  also  indebted  to  Prof.  S.  L.  Penfield  of  New 
Haven  and  to  Prof.  H.  A*  Miers  of  Oxford^  England^  for  various  TalnaUo 
suggestions. 

New  Haven,  Cokn.,  Aug.  1, 1898. 
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INTRODUCTION. 


1.  The  science  of  Mineralogy  treats  of  those  inorganic  species  called 
minerals,  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies,  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  Mineral. — A  Mineral  is  a  body  produced  by  the  processes 
of  inorganic  nature^  having  a  definite  chemical  compontion  and,  if  formed 
vnder  favorable  conditions^  a  certain  characteristic  molecular  structure  which 
is  exhibited  in  its  crystalline  form  a?id  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  all,  a  mineml,  must  be  a  harnogeneous  substance,  even  when 
minutely  examined  by  the  microscope;  further,  it  must  have  v^^definite 
chemical  composition^  capable  of  being  expressed  by  a  chemical  formula. 
Thus,  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different 
substances,  each  having  characters  of  its  own.  Again,  obsidian,  or  volcanic 
glass,  though  it  may  be  essentially  homogeneous,  has  not  a  definite  composition 
corresponding  to  a  specific  chemical  formula,  and  is  hence  classed  as  a  rock, 
not  as  a  mineral  species.  Further,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology,  because  it  has  been  shown  that  they  are  only  local  forms  of  basalt, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  definite  molecular  structure,  unless  the 
conditions  of  formation  have  been  such  as  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
characters  and  especially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  limit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compounds  made  in  the  laboratory  or  the  smelting-furnace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been 
produced  through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  the  bamboo, 
etc.  Finally,  mineral  species  are,  avS  a  rule,  limited  to  solid  substances ;  the 
only  liquids  included  being  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  the  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mineral  Kingdom. 
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3..Mf^e  of  Kineralogy. — In  the  following  pages^  the  general  subject  of 
Hinefalogy  is  treated  under  the  following  heads: 

{^"i J  Crystallography. — This  comprises  a  discussion  of  crystals  in  general 
aA4  Specially  of  the  crystalline  forms  of  mineral  species. 
••.^)  Physical  Mineralogy. — This  includes  a  discussion    of  the  physical 

•  characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity^ 
density,  light,  heat,  electricity,  and  so  on. 

(3)  Chemical  Mineralogy. — Under  this  head  are  presented  briefly  the  gen- 

*  eral  principles  of  chemistry  as  applied  to  mineral  species;  their  characters  as 
chemical  compounds  are  described,  also  the  methods  of  investigating  them 
from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4)  Descriptive  Mineralogy. — This  includes  the  classification  of  minerals 
and  tne  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  allied  species,  as  regards  crystalline  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature. — Reference  is  made  to  the  Introduction  to  the  Sixth  Edition 
of  Dana's  System  of  Mineralogy,  pp.  xlv-lxi,  for  an  extended  list  of  inde* 
pendent  works  on  Mineralogy  up  to  1892;  the  names  are  also  given  of  the 
many  scientific  periodicals  which  contain  original  memoirs  on  miueralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works,  mostly 
of  a  general  character,  are  given  here.  Further  references  to  the  literature 
of  Mineralogy  are  introduced  through  the  first  half  of  this  work,  particularly 
At  the  end  of  the  sections  dealing  with  special  subjects. 

Cryitnllography  and  PhyHaal  Mineralogy. 

Sablt  works*  include  those  of  Rom^  de  lisle.  1772;  HaUy,  1822;  Neumann,  Knr* 
•tallonomie,  1828,  and  Krystallograpbie,  1825;  Eupffer,  1825;  Qrassmaun,  Krystallonomfe^ 
1829;  Naumann,  1829  and  later;  Quenstedt,  1846  (also  1878);  Miller,  1889  and  1888; 
Grailich,  1856;  Kopp,  1862;  von  Lang.  1866;  firavais,  fitudes  Crist.,  Ftois,  1866  (1849); 
Schrauf,  1866-68;  RoseSadebeck.  1873. 

Recbht  works  include  the  following: 

Banerman.     Text  Book  of  Systematic  Mineralogy,  1881. 

Ooldachmidt.  Index  der  Krystallformen  der  Mineralien;  8  toIb.,  1886-91.  i^l8i> 
Anweudung  der  Linearproiection  zum  Berechnen  der  Erystalle.  1887. 

Qroth.  Physikallsciie  "Krystallograpliie  und  Einleitung  in  die  krystallognphischft 
Kenntniss  der  wichtigeren  Substanzen,  1876.     8d  ed.,  1894-95. 

Klein.     Einleitung  in  die  Krystallberechnung.  1876. 

laiebinch.     Geometrische  Erystallographie,  1881.   Physikaliscbe  Erystallographie,  189U 

Mallard.     Trait§  de  Cristallograpbie  g6ometrique  et  physique;  vol.  1, 1879;  vol.  2, 188<L 

Sadeback.    Angewandte  Erystallographie  (Rose's  Krystaliograpbie,  II.  Band),  1876. 

Sohncke.    Entwickelnng  einer  Theorie  der  Erystallstruktur,  1879. 

8tory-MaBkel3rne.     Crystallography:  the  Morphology  of  Crystals,  1895. 

Websky.  An  wen  dung  der  Linearprojectiou  zum  Berechnen  der  Erystalle  (Rose'a 
Erystallographie  III.  Band).  1887. 

Williams.    Elements  of  Crystallography,  1890. 

WiUfing^.  Tabellarische  Uebersicbt  der  einfachen  Formen  der  82  krystallographischriD 
8ymmetriegruppen.  etc.,  1895. 

In  Physical  Minrralogt  the  most  important  general  works  are  those  of  Schninf 
(1868).  Grotli  (1876-1895),  Mallard  (1884),  Liebisch  <1891),  mentioned  in  the  aboye  list;  alio 
KoAenbusch,  Mikr.  Physiographic,  etc.  (1892).  In  addition  to  these  (to  which  might  be 
added  the  names  of  some  general  works  on  Physics)  memoirs  of  especial  importance  on  the 
'different  subjects  are  enumerated  in  many  cases  at  the  end  of  the  respectiye  sections  of 
this  work. 

*  The  full  titles  of  many  of  these  are  giyen  in  pp.  li-lxi  of  Dana's  System  of  Mlnei^ 
•logy,  1892. 
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General  Mineralogy. 

Of  the  many  works,  a  knowledge  of  wbicli  is  needed  by  one  who  wishes  a  full  acqu<iiDt* 
anoe  with  the  historical  developroeut  of  Mineralogy,  the  following  are  particularly 
Important.  Very  early  works  include  those  of  Theophrastus,  Pliny,  Linnaeus,  Wallerius, 
OroDstcdt,  Werner,  Bergman  n,  Elapn>th. 

'  Within  the  nineteenlh  century:  HaQy's  Treatise,  1801,  1822:  Jameson,  1816,  1820; 
Werner's  Letztes  Mineral- System,  1817:  Cleuveland's  Mineralogy,  1816,  1822;  Leonhard'a 
Hancibuch,  1821,  1826;  Mohs's  Min.,  1822;  Haidinger's  translation  of  Mobs.  1824:  Breit- 
baupts  Charakteristik,  1820,  1823,  1832;  Beudnnts  Treatise,  1824,  1832;  Phillips's  Min., 
1828,  1837;  8be|)tird'8  Min  ,  1832-36.  and  later  editions;  von  Eobell's  GrundzQge.  1888; 
Mohss  Min.,  18^)9;  Breitbaupt's  Min.,  1886-1847;  Hnidinger's  Handbuch,  1845;  Naumann'a 
Min..  1846  and  later;  Hnusmann's  Handbuch,  1847;  Dufrenoy's  Min.,  1844-1847  (also 
1856-1839):  Brooke  &  Miller,  1852;  J.  D.  Dana's  System  of  1837,  1844,  1850, 1854.  1868. 

More  Recbnt  Works  are  the  following: 

Bauer.    Lehrbuch  <ier  Mineralogie,  16^6. 

Banorman.    Text- Book  of  Descriptive  Mineralogy,  1884. 

Banmhanar.    Das  R(  icli  der  Krystalle,  1889. 

Blum.     Lehrbuch  der  Minenilogie.  4lh  ed.,  1873-1874. 

Dana,  B.  S.  Dana's  System  of  Mineralogy,  6th  ed..  New  York.  1892.  Also  (elemen- 
tary) Minerals  and  How  lo  study  them.  New  York,  1895. 

Dana.  J.  D.    Manual  of  Minenilogy  and  Petrography,  4th  ed..  New  York,  1887. 

Dea  Oloiseauz.  Manuel  de  Mineralogie;  vol.  1,  1862;  vol.  2,  ler  Fasc.,  1874; 
2me.  1898. 

a*^oth.  Tul)ellarische  Uebersiclit  der  Mineralien,  1874;  8d  ed.,  1889:  4ih  ed.,  1898. 
Die  Mincralien-Samniluuir  der  UniversitAi  Strassburg.  1878. 

Hintse.  Handbuch  der  Mineralogie,  vol.  2  (Silicates  and  Titanates),  Leipzig,  1889- 
1897. 

Lacroiz.    Minenilogie  de  la  France  et  de  ses  Colonies.  2  vols.,  1893-96. 

Luedecke.     Die  Alinendc  dcs  Harzes.  1^96. 

Koksharov.  Muicrialcn  zur  Minendogic  liusslands,  St.  Petersburg;  vol.  1.  1853-54; 
Tol.  10.  1888-91. 

Knns.    Qcms  nnd  Precious  Stones  of  North  America,  1890. 

Schrauf.     Atlas  der  KrystalUFoi men  dcs  Mincmlre  dies.  4to,  vol.  1,  A-C,  1865-1877. 

Tiohermak.    Lehrbuch  der  Mineralogie.  1884;  5th  ed.,  1897. 

Wfliabaoh.    Synopsis  Minemlogica,  systematische  Uebers.cht  des  Mineral leiches,  1875. 

Zirkel.     13th  edition  of  Naumann's  Mineralogy,  Leipzig,  1897. 

wolfing.  Die  Meteoriten  in  Sammlungen,  etc..  1897  (earlier  works  on  related  subjects, 
aee  Dana's  System,  p.  32). 

For  a  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
(51  pp.)  reprinted  from  Dana's  Svstem,  6th  ed.  See  also  the  volumes  on  the  Mineral  Re* 
sources  of  the  United  States  published  (since  1882)  under  the  auspices  of  the  U.  8.  Gleo- 
logical  Survey. 

Chmnieal  and  Deierminaiive  Mineralogff, 

Biacboft  Lehrbuch  der  chemischcn  und  physikalischen  Cleologie,  1847-54;  2ded., 
1868-66.    (Also  an  English  edition.) 

Blnm.    Die  Pseudomorpho«en  des  Mineralreichs,  1843.     Wfth  4  Nachtrfige,  1847-1879. 

Bmah.  Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blowpipe 
Analysis;  New  York,  1875:  3d  ed.,  1878.     Also  new  edition  by  Penfield,  1896. 

Doelter.    AUgemeine  rheniisclie  Minemlogie.  Leipzig,  1890. 

Bndlioh.     Manual  of  Qnalitaf  ive  Blowpipe  Analysis,  New  York,  1892. 

Kobell,  F.  von.  Tafeln  zur  Bestimmung  der  Mineralien  mitteist  einfacher  chemischer 
Versuche  auf  trockenem  und  nasseni  Wege,  lite  Auflage,  1878. 

Rammelaberg.  Handbuch  der  krystallographischpliysikalischen  Chemie,  Leipzig* 
1881-82     Handbuch  der  Mineralchemie,  2d  ed.,  1875.    Er^nzungsheft,  1,  1886;  2,  1895. 

Roth.  AUgemeine  und  chemischeG^eologie:  vol.  1,  Bildungu.  Umbildung  der  Minora* 
lien,  etc.,  1879:  2.  Petrographie,  1887-1890. 

Volger.    Studien  zur  Entwicklungsgeschichte  der  Mineralien,  1854. 

Websky.  Die  Mineral  Species  nach  den  fOr  das  specifische  Glewicht  derselbec  ang-e- 
Dommenen  und  gefundenen  Weithen.  Breslau,  1868. 

Wefabeoh.    Tabellen  zur  Bestimmung  der  Mineralien  nach  ftusseren  Ksnnzeichen. 
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8te  Auflage,  1886.    Also  founded  on  WeisbacU's  work,  Fraser's  Tables  for  the  determiDa- 
tioQ  of  minerals,  4th  ed..  1897. 

Jft&rascopic  Examination  of  MineraU,* 

Oohen,  X3.  Sammhiu^  von  Mikrophotographieen  zur  YeiaDschaulichuug  der  niikro- 
skopischen  Structur  vou  Mineralien  imd  G^teincn,  1881-82. 

Doelter.  Die  Bestimmung  der  petrographisch  wichtigeren  Mineralien  durch  das. 
Mikroskop.  187«. 

Fischer.     Kritische  mikroekopisch-mineralogische  Stud. en,  Freiburg,  1869-1878. 

Fouqui-L6vy.    Minenilogie  micrograph iquc.  rochds  eruptives  Frau^aises,  18T9 

lievy-Ijacroix.     Les  uiiueraux  des  roches,  1888. 

Rosenbusch.  Mikroskopische  Ph^siogrnphie  der  petrographisch-wichtigcu  Mine* 
ralien,  1873;  3d  ed.,  1892.  Accompjuiied  by  HQlfstttbellen  zur  mikroskopischen  Mineral- 
besliuiiniiiig.  1888.  Also  English  translation  and  abridgment  of  the  above  work  by 
Iddiiigs,  ISSS.     Mikroskopisclie  Physiogniphie  der  massigen  Gesleiue,  1877;  8d  ed.,  1896. 

Thoulet.  CuDiribuiious  ^  reuide  des  proprietes  physiques  et  chimiqucs  des  mineraux^ 
microscoplques. 

Tschermak.     Die  mikroskopische  Beschaffenheit  der  Meteoriten.  1888. 

Zirkel.  Die  uiikruskopischu  Beschaffeuheit  der  Mine'-alien  and  Gesteine,  1878.  Also 
Petrogmphie.  8  vols.,  1898-94. 

Artificial  Formation  of  Minerals. 

Gurlt  Uebersicht  der  pyrogeneten  kQnstlichcn  Mineralien,  uamentlich  der  krystaU 
lisirten  HQtteiierzeugiiisse,  1857. 

Fuchs.     Die  kUustiich  durgestellteii  MineraliiMi,  187*2. 
Daubree.     Etudes  syutluMique  de  Geologie  experimenUile,  Paiis,  1879. 
Fonque  and  M.  liovy.     Synthase  des  Mineraux  ct  des  Roches.  1882. 
Bourgeois.     Reproduction  artiticietle  des  Mineraux.  1884. 
Meunier.     Les  methoiles  de  synthase  en  Mineralogie. 

Mineralogiail  Journals. 

The  following  Journals  are  largely  devoted  to  original  papers  on  Mineralogy: 
Bull.  8oc.  mLi.     Bulletin  de  la  Soc.ete  Franvuise  de  Mineralogfe.  vol.  1,  1878;  20, 1897, 
Jb.  Min.   Neues  Jalirbuch  fUr  Minemlogie,  Geologie  und  Palaeontologie.  etc  .  from  1888 
Min.  Mag.     The  Miuemlogical  Magazine  and  Journal  of  the  Mineralogical  Society  of 

Gt.  Britain,  vol.  1.  1876;  11,  1896-97. 

Mia.  petr.  Mitth.     Mineralogi-che  und  petrographiacbe  Mittlieilungen,  vol.   1,  1878; 

17,  1897.   Earlier,  from  1871,  Mineralogischc  Mittheilungen  gesammelt  vonG.  Tschermak. 
Zs.  Kryst.     Zeil*<chrift  fUr  Kryslallographie  und  >rineralogie.     Edited  by  P.  Groth. 

vol.  1,  1877;  as,  1897. 


Abbrbviationb. 

pi.      Plane  of  the  optic  axes.  H.  Hardness. 

Bz«.  Acute  bisectrix  (p.  208).  Obs.  Observations  on  occurrence,  etc. 

Ol)tUKe  liisecirix  (p.  2()8).  O.F.  Oxidizing  Flame  (p.  257). 

B.B.          Before  the  Blowpipe  (p.  256).  Pyr.  Pyrognostics    or    blowpipe  and 
Oomp.       Composition.                                                               allied  characters. 

I>iff.           Differences,   or  distinctive  char-      O.  Ratio.  Oxygen  Ratio  (p.  249). 

acters.  R.F.  Reducing  Flame  (p.  257). 

O.              Specific  Gravity.  Var.  Varieties. 

The    sign  A  is    used    to   indicate    the    angle    between    two    faces    of  a  crystal,    as 
am  (100  A  110)  =  44*  80'. 


*  See  the  bibliography  given  by  RoseDbiMefa. 
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GENERAL  MORPHOLOGICAL  RELATIONS  OF 

CRYSTAI.S. 

6.  Crystallography.— The  subject  of  Crystallography  includes  the  descrip* 
tion  of  the  characters  of  crystals  in  general ;  of  the  various  forms  of  crystals 
and  their  division  into  groups  and  systems;  of  the  methods  of  studying  crystals^ 
including  the  determination  of  the  mathematical  relations  of  their  faces,  and 
the  measurement  of  the  angles  between  them;  finally,  a  description  of  com- 
pound or  twin  crystals,  of  irregularities  in  crystals,  of  crystalline  aggregates^ 
and  of  pseudomorphous  crystals. 

Allied  to  Crystallography  is  the  subject  of  Crystallogeny,  which  describes 
the  methods  of  making  crystals  which  may  be  applied  in  the  laboratory,  and 
discusses  the  theories  of  their  origin  in  nature.  Tliis  department  is  only  briefly 
touched  upon  in  the  present  work. 

6.  Definition  of  a  CrystaL— -4  crystal*  is  the  regular  polyhedral  form ^ 
lH>unded  by  smooth  surfaces,  which  is  assumed  by  a  chemical  compound,  under 
the  action  of  its  intermolecular  forces,  when  passing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  that  of  a  solid. 

As  expressed  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  normal  form  of  a  mineral  species,  as  of  all  solid  chemical  com* 
pounds  ;  but  the  conditions  suitable  for  the  formation  of  a  crystal  of  ideal 
perfection  in  symmetry  of  form  and  smoothness  of  surface  are  never  realized. 
Further,  many  species  usually  occur  not  in  distinct  crystals,  but  in  massive  form, 
and  in  some  exceptional  cases  the  definite  molecular  structure  is  absent. 

7.  Molecular  Structure  in  OeneraL — By  definite  molecular  structure  is  meant 
the  special  arrangement  which  the  physical  nnits,  called  molecules,\  assume 
under  the  action  of  the  forces  exerted  between  them  during  the  formation  of 
the  solid.     Some  remarks  are  given  in  a  later  article  (p.  18  et  seq,)  in  regard  to 

*  In  its  oHi^dhI  signification  tlie  term  crystal  was  applied  onlv  to  crystals  of  quartz, 
which  the  ancient  philosophers  believed  to  be  water  congealed  by  intense  cold.  Hence  the 
term,  from  KpvaraXXoi^  ice. 

f  The  relation  between  atoms,  chemical  moleeuUs,  and  physical  molecules  U  explained 
wider  the  chapter  oo  Chemical  Mineralogy.  The  molecules  here  spoken  of  are  the  physical 
molecules. 
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the  kinds  of  molecular  arrangement  theoretically  possible,  and  their  relation  to 
the  symmetry  of  the  different  groups  and  systems  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  important,  in 
-which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  directions 
in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,'*'  as  of 
elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the  cleavage, 
or  natural  tendency  to  fracture  in  certain  directions,  yielding  more  or  less 
smooth  surfaces;  as  the  cubic  cleavas^e  of  galena,  or  the  rhombohedral  cleavage 
of  culcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from  a  large  one 
only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a  crystal  in  all 
its  pliysical  relations,  though  showing  no  crystalline  faces. 

Further,  the  external  form  without  the  corresponding  molecular  structure 
does  not  make  a  solid  a  crystal.  A  model  of  glass  or  w^od,  on  the  one  hand, 
is  not  a  crystal,  though  having  its  external  form,  because  there  is  no  relation 
between  form  and  structure.  Also,  an  octahedron  of  malachite,  having  the 
form  of  the  crystal  of  cuprite  from  which  it  has  been  derived  by  chemical 
Alteration,  is  not  a  crystal  of  malachite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  A  cleavage  octahedron  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are  not  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  and  not  by  the  natural  molecular  growth  of  the  crystal. 

8.  Crystalline  and  Amorphoni. — When  a  mineral  shows  no  external  crystal- 
line form,  it  is  said  to  be  massive.  It  may,  however,  have  a  definite  molecular 
atructure,  and  then  it  is  said  to  be  crystalline.  If  this  structure,  as  shown  by 
the  cleavage,  or  by  optical  means,  is  the  same  in  all  parallel  directions  through 
the  mass,  it  is  described  as  a  single  individu^.  If  it  varies  from  grain  to  grain, 
or  fiber  to  fiber,  it  is  said  to  be  a  crystalline  aggregate,^  since  it  is  in  fact  made 
up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom* 
bohedral,  cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evident 
from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statuary 
marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the  crystalline 
structure  can  only  be  resolved  by  optical  methods  with  the  aid  of  the  microscope. 
In  all  these  cases,  the  structure  is  said  to  be  crystalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
however,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto* 
4)rystalline  ;  this  is  true  of  some  massive  varieties  of  <][uartz. 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  amorphous.  This  is 
true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  fi'ldspar  which  has  been  fused  and  coole<l  suddenly  may  be  in  the  glass-like 
4iinorphous  condiiion  as  regards  absence  of  definite  molecular  structure.     But  even  in  such 


*  This  subject  is  further  elucidated  in  the  chapter  devoted  to  Physical  Mineralogy,  where 
It  is  al9o  shown  that,  with  respect  to  many,  but  not  all,  of  the  physical  characters,  the 
-converse  of  this  proposition  is  true,  viz. ,  that  unlike  dii^ections  in  a  crystal  have  in  gen- 
eral unlike  properties. 

f  Tlie  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  tk^ 
end  of  the  present  chapter. 
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own  there  is  R  leoilency  to  go  o«r  iolo  tlie  crvatalliDe  condition  by  molecular  leanaDge- 
foeuL  A  Iron-paTeoi  amor,.h..u.  m.ua  "f  srie-'ic  ttioxi.le  (A^.O.).  l<'rm«i  kv  (uwoo. 
becomes  opuque  m.I  crvM-l.ine  «r^ei  a  lime,  bim.brlj  ihe  -l«i  U.m.s  of  u  .wlro«a  bnd« 
may  cradiwilly  become  m««lliDe«n.ltbi.s  lose  son..- of  ibeir  orlgiw.l  sireug.t.  b«-«u*of 
the  molecular  rwimmgimeut  m..de  po8=il.le  by  ibe  vibniiioii*  i«u«m1  by  ibt  fiequtnl  j«r  of 
puaing  traiM.  The  uiic;io9.-..pic  simly  of  rocks  revtals  in.tuy 
cbunge  In  molecular  structure  bas  isiieii  pluLi:  in  » tolui  niass 
great  prewure. 

0.  Extero&i  Form.— A  crrstal  is  boonded  by  smooth  plane  surfaces,  called 
fscee  or  planes,"  showing  in"  their  arningemeiit  a  certtiin  cliaracienstic  sym- 
metry, and  related  to  each  other  by  definite  mathfniaticai  laws. 

Thns,  without  inquiring,  at  the  moment,  into  the  eiact  meaning  of  lh« 
term  symmetry  as  applied  to  crystals,  and  the  kinds  of  aymmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  aecompanyiPg 
fignres,  1-3,  show  the  external  form  spoken  of.  They  repreaeDl,  therefore, 
certain  definite  types. 
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Galena. 


ChrTsollte. 


f^^ 


10.  Variation  of  Form  and  Snr&ee. — Actual  crystals  deviate,  within  certun 
limits,  from  the  ideal  forms. 

First,  there  may  bo  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  tUnlor/ed  forms.  In  the  second  place,  the  faces  are  rarely 
absolntely  smooth  and  brilliant;  commonly  they  lack  perfect  poli ah,  and  they 
may  even  be  rough  or  more  or  less  covered  with  fine  parallel  lines  (called 
fltriations),  or  show  minute  elevations,  depressions  or  other 
pecnliarities.  Both  the  above  subjects  are  discussed  in  detail  in 
another  place. 

It  may  be  noted  in  passing  that  the  characters  of  natural 
faces,  just  alluded  to,  in  general  make  it  easy  to  distinguish 
between  them  and  a  face  artificially  ground,  on  the  one  hand, 
like  the  facet  of  a  cut  gem;  or,  on  the  other  hand,  the  splintery 
uneven  surface  yielded  by  cleavage. 

11.  Constancy  of  Angle  in  the  Same  Species. — The  crystals 
of  any  species  are  essentially  constant  in  the  angle  of  inclination  ■.j  i     _j 
between  like  faces,  wherever  they  are  found,  and  whether  prod-    ^\~J^^^ 
nets  of  nature  or  ot  the  laboratory.     These  angles,  therefore,        \*^ 
form  one  of  the  distinguishing  characters  of  a  species.                        Apatite, 

Thus,  iu  Fig.  4,  of  apatite,  the  angle  between  the  adjacent  faces  x  and 
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m  (130**  18'J  18  the  same  for  any  two  like  faces,  similarly  situated  with  refei 
ence  to  eacn  other.  Furtlier,  this  angle  is  constant  for  the  species,  differin 
but  little  on  crystals  from  different  localities.  Moreover,  the  angles  betwee 
all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  5-9  of  zircon  below 
are  more  or  less  closely  connected  together  by  certain  definite  mathematici 
laws. 

12.  Diversity  of  Form,  or  Habit— While  in  the  crystals  of  a  given  specie 
there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals  ma 
be  exceedingly  diverse.  The  accompanying  figures  (5-9)  are  examples  of 
few  of  the  forms  of  the  species  zircon.  There  is  bardly  any  limit  to  the  numbe 
of  faces  which  may  occur,  and  as  their  relative  size  changes,  the  habit^  as  i 
is  called,  may  vary  indefinitely.  Yet  for  the  crystals  of  each  species^  tb 
angles  between  like  faces  are  essentially  constant. 
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Crystals  of  £ircoii. 

13.  Diversity  of  Sise. — Crystals  occur  of  all  sizes,  from  the  merest  micrc 
scopic  point  to  a  yard  or  more  in  diameter.     It  is  important  to  understanc 
however,  that  in  a  minute  crvstal  the  development  is  as  complete  as  with 
large  one.     Indeed  the  highest  perfection  of  form  and  transparency  is  fonn< 
only  in  crystals  of  small  size. 

A  single  crystal  of  quartz,  now  nt  Milan,  is  three  and  a  quarter  feet  long  and  five  and 
half  in  circumference,  and  its  weight  U  estimated  at  ei^ht  hundred  and  seventy  poundi 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  i 
1867,  affordetl  smoky  quartz  crystals  weighing  in  the  aggregate  about  20.000  pounds; 
considerable  number  of  the  single  crysals  hnvinir  a  weight  of  200  to  250  pounds,  or  eve 
more.  A  gigantic  beryl  from  Acwortli,  New  Hampshii-e.  measured  four  feet  in  lengt 
and  two  and  a  half  in  circumference :  another,  from  Grafton,  was  over  four  feet  long,  an 
thirty-two  inches  in  one  of  its  diameters,  and  weighed  about  two  and  a  half  tons. 

14.  Symmetry  in  General. — The  faces  of  a  crystal  are  arranged  accord  in, 
to  certain  laws  of  symmetry,  and  this  symmetry  is  the  natural  basis  of  th 
division  of  crystals  into  groups  and  systems.  The  symmetry  may  be  define< 
relatively  to  (1)  a  plane  of  symmetry ^  (2)  an  axis  of  syrmneh'y,  and  (3)  a  cente 
of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in  th 
same  crystal.  It  will  be  shown  later  that  there  is  one  group  the  crystals  o 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  ther 
is  only  c.  center  of  symmetry.  On  the  other  hand,  some  groups  have  all  thes 
elements  of  symmetry  represented. 


QENEKAL   JIORPHOIOGICAL   RELATIONS  OF   CRYSTALS.  9 

IS.  Planet  of  Symmetry. — A  solid  is  said  to  bo  geoinetiically  *  sjmbiutrical 
with  reference  to  a  plane  of  synitiietry  when  for  eacb  face,  ,„ 

ed^e,  or  solid  angle  there  is  another  similar  face,  edge,  or 
angle  which  has  a  like  position  with  reference  to  this 
plane.  Thus  it  is  obvious  that  the  crystal  of  aniphibole, 
shown  in  Fig.  lU,  is  symmetrical  with  reference  to  a  central 
plane  of  symmetry,  parallel  to  the  face  b,  passing  vertically  ( 
tiiroii^Ii  tiie  edge  formed  by  the  faces  r,  r  and  thro 
the  middle  of  the  face  a. 

In  the  ideal  crystal  this  symmetry  is  right  sijmiuetry  in 
the  geometrical  sense,  where  every  point  on  the  one  side  ol 
the  plane  of  symmetry  has  a  corresponding  jwiiit  at  equal 
distances  on  the  other  side,  measured  on  a  line  normal  to  it. 
In  other  words,  in  the  ideal  geometrical  symmetry,  one  half  of  the  cr/stal  is 
the  exact  viirror-image  of  the  other  half. 

A  crystal  may  have  as  many  as  nine  planes  of  symmetry,  three  of  OA»  set 
and  six  of  another,  as  is  illustrated  by  the  cube  f  (Fig.  11).  Here  tVio  planes 
of  the  first  set  pass  through  the  crystal  parallel  to  the  cubic  faces;  they  are 
shown  in  Fig.  12.  The  planes  of  the  second  set  join  the  opposite  cubic  edget. 
Od  the  other  hand,  some  oryitala  have  no  plane  of  symmetry. 
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16.  Axes  of  Symmetry. — If  a  solid  can  lie  revolved  through  a  certain  num- 
ber of  degrees  about  some  line  as  an  axis,  with  the  result  that  it  again  occupies 
precisely  the  same  position  in  space  as  at  first.  It  is  said  to  have  an  axis  of 
symmetry.  There  are  four  different  kinds  of  axes  of  symmetry  among  crystals; 
they  are  defined  according  to  the  angular  revolution  needed  in  each  case,  thst 
is,  by  the  number  of  times  which  the  crystal  repeats  itself  in  a  complete 
revolution  of  360°. 

(a)  A  crystal  is  said  to  have  an  axis  of  binary,  or  twofold,  symmetry  when 
a  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  it 
repeats  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Pig.  13  with  respect  to  the  vertical  axis  (and  indeed  each  of  the  horizontal 
axes  also). 

(6)  A  crystal  has  an  axis  of  irxgonnl,  or  threefold,  symmetry  when  a 
revolution  of  120°  is  needed  ;  that  is.  when  it  repeats  itself  three  times  in  a 
complete  revolution.  The  vertical  axis  of  the  crystal  shown  in  Fig.  14  is  an 
axis  of  trigonal  symmetry. 

*  The  fRlntton  between  the  Ideal  geometrlcul  Eymnirtry  and  tLe  actual  crjst&llognphlo 
symmetry  is  iliHCUsaed  In  Art.  IB. 

t  This  la  llie  cube  of  iLe  nomiBl  group  oF  tlie  isomelrk  sjsiem. 
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(c)  A  crjatal  has  im  axis  of  leirugonal,  or  fourfold,  Bymmetry  when  a 
tcTolution  of  90°  is  called  for;  in  other  words,  when  it  repeats  itaelf  four  tlmei 
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in  a  complete  revolution.     Tlie  vertical  axis  in  the  crystal  shown  in  Fig.  15  is 
such  an  axis. 

[d)  Finally,  a  crystal  has  an  axis  of  hexagonal,  or  sixfold,  symmetry  whea 
»  revolution  of  (iC  is  called  for;  in  other  words,  when  it  repeats  itself  six  times 
ill  a  complete  revolution.     This  is  illustrated  by  Fig.  16. 

Tim  cube*  illiisivalCB  tlireu  of  Hie  four  possible  kinds  of  syinmeirj  wiili  respect  lo  axes 
of  syniiiictry.  It  has  six  axfB  of  biiiiiry  symmetry  joiiiini;  lb'.-  Diiilille  pninta  ol  oppfwils 
edKUslFii:.  17).  It  baa  four  axes  of  trigoniil  Bymmetry.  joining  I  lie  <>|)[H>siiv  solid  angles 
<Fig.  18).  It  has.  tlnally,  lbr«e  axes  of  teimgotial  eymmetry  juintDg  iLe  uiiddle  puiuta  nt 
opposite  faces  (Fig  19). 

17  IS.  19. 
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17.  Center  of  Symmetry. — Most  crystals,  hesides  planes  and  azes  of  sym* 
metry,  have  also  a  center  of  symmetry.  On  the  other  hand,  a  crystal,  though 
possessing  neither  plane  nor  axis  of  symmetry,  may  yet  be  20. 

symmetrical  with  reference  to  a  point,  its  center.  This  last 
is  true  cf  the  tvicHnic  crystal  shown  in  Fig.  SO,  in  which  it 
follows  that  every  face,  edge,  and  solid  angle  has  a  face,  edge, 
and  angle  similar  to  it  in  the  opposite  half  of  the  crystal. 

Tliere  is  another  metlioil  of  viewioK  tlie  symmetry  ia  ihla  lait  cnse, 
wliirh  Is  tiilopied  by  some  iiuibors.    If  ilie  crysiRl  be  thought  of  as  I 
diviili'd  Into  two  similar  Iialves  by  a  plsne  iiaisMel  to  anyone  of  Its   > 
fv-es.  nnd  one  half  be  Tevnlved  180°  alioiit  su  sxis  noimiil  10  this  face, 
this  linir  wnulil  be  brought  inlo  a  position  in  which  ii  would  be  the 
mirrorimnge  of  theremaiDlnghnlf.   This  symmetry  ia  hence  ilescrlbed 
as  eompounii  tymmttrg  with  reference  lo  an  axis  of  binary  symmetry 
nnd  a  pliine  normal  10  it,  both  taken  tOKetbcr.    Tlils  method  is  u 
fullowt^d  bera  since,  though  having  ccrliiTn  Iheore'icftl  adviinlFigts,  .. 
the  student  meeting  the  piobleuis  of  crysuillo^jraphy  for  the  drst  time. 


Aniljlygrniite 
ninges,  it  is  likely  lo  cuofuM 


*  This  Is  aj^nlD  the  cube  of  the  uormsl  group  of  the  Isometric  systeiu. 
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18.  Belation  of  Geometrical  to  Crystallographic  Symmetry.— Since    the 
symmetry  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of  the 


21. 


22. 


internal  molecular  structure,  which  in 
general  is  alike  in  all  parallel  directions, 
the  relative  size  of  the  faces  and  their 
distaiice  from  the  plane  or  axis  of  sym- 
metry are  of  no  moment,  their  angular 
position  alone  is  essential.  Hence  Fig.  21 
nas  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  b)  as  Fig.  22  if  the  faces  have 
exactly  the  same  angular  position  as  in 
that,  although  the  strict  geometrical  defi- 
nition *  could  not  be  applied  to  it. 

Also  in  a  normal  cube  (Fig.  23)  the 
three  central  planes  parallel  to  each  pair  of  cubic  faces  are  like  planes  of  sym- 
metry, as  stated  in  Art.  15.  But  a  crystal  is  still  crystallograpnically  a  cube, 
though  deviating  widely  from  the  requirements  of  the  strict  geometrical  defi* 
nitioD,  as  shown  in  Figs.  24,  25,  if  only  it  can  be  proved,  e,g.  by  cleavage,  the 
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physical  nature  of  the  faces,  or  by  optical  means,  that  the  three  pairs  of 
faces  are  like  faces,  independently  of  their  size,  or,  in  other  words,  tnat  the 
molecular  structure  is  the  same  in  the  three  directions  normal  to  them. 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
sngle  requires,  as  explained  beyond,  similar  faces  on  the  other  angles.    It  is 

not  necessary,  however,  that 
these  eight  faces  should  be  of 
equal  size,  for  in  the  crystal- 
lographic sense  Fig.  26  is  as 
trulv  symmetrical  with  reference 
to  the  planes  named  as  Fig.  27. 
19.  On  the  other  hand,  the 
molecular  and  hence  the  crys- 
tallographic symmetry  is  not 
always  that  wnich  the  geomet- 
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form  would  suggest.     Thus,  deferring  for  the  moment  the  consideration 
of  pseudo-symmetry,  an  illustration  of  the  fact  stated  is  afforded  by  the  cube. 

*  It  la  to  be  noted  that  tbe  perspective  figures  of  crystals  always  show  the  geometrically 
Ideal  forni,  in  which  1'ke  faces,  edges,  and  nnglcs  have  the  same  shape,  size,  and  podtton. 
In  other  words,  the  ideal  crystal  is  imiformly  represented  as  having  the  symmetry  called 
for  by  the  strict  geometrical  dcflnhion. 
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It  has  already  been  implied  and  will  be  fully  explained  later  that  while  the 
cube  of  the  normal  group  of  t'ne  isometric  system  nas  the  symmetry  described 
in  Arts.  16,  16,  a  cube  of  the  same  geometrical  form  but  belonging  molecnlarly. 
for  example,  to  the  tetrahedral  group,  has  no  planes  of  symmetry  parallel  to 
the  faces,  only  tlie  six  diagonal  planes  ;  further,  though  the  four  axes  shown 
in  Fig.  18  are  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig.  19)  are 
axes  of  binary  symmetry  only,  and  there  are  no  axes  of  symmetry  correspond- 
ing to  those  represented  in  Fig.  17.  Other  more  complex  cases  will  be 
described  later. 

Further,  a  crystal  having  interfacial  angles  of  90°  is  not  necessarily  a  cube; 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  case 
whether  the  figure  is  bounded  by  six  like  faces;  or  whether  only  two  are  alike 
and  the  third  unlike;  or,  finally,  whether  there  are  three  pairs  of  unlike  faces. 
The  question  must  be  decided,  in  such  cases,  by  the  molecular  structure 
as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage,  or  by 
other  physical  characters,  as  pyro-electricity,  those  connected  with  light 
phenomena,  etc. 

Still  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  symmetry  to  which  a  crystal  belongs,  based  upon  the  distrihidion  of  the 
faces,  is  only  preliminary  and  approximate,  and  before  being  finally  accepted 
it  must  be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a  minute 
study  of  the  pliysical  characters  as  just  insisted  upon. 

Tlie  metbo<I  based  upon  the  physical  cbaracters,  which  iiives  most  conclusive  results 
and  admits  of  the  widest  application,  is  the  skillful  etching  oif  the  surface  of  the  crystal  by 
some  appropriate  8t)lvent.  By  this  means  tliere  are,  in  genenil.  produced  upon  ii  minute 
depresNioiis  the  shape  of  which  always  conforms  to  the  synnnelry  in  the  arningoment  of  the 
molecules.  This  process,  which  is  in  part  esseniinlly  one  involving  the  dissection  of  the 
molecular  structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mincnilogy. 

20.  Pseudo-symmetry. — The  crystals  of  certain  species  approximate  closely 
in  angle,  and  therefore  in  apparent  symmetry,  to  the  reouirements  of  a  system 
higher  in  symmetry  tlian  that  to  which  they  actually  belong:  they  are  then 
said  to  exhibit  pseudo'Symmetry,  Numerous  examples  are  giveii  under  the 
different  systems.  Thus  the  micas  have  been  shown  to  be  truly  monoclinio 
in  crystallization,  though  in  angle  they  seem  to  be  in  some  cases  rhombo- 
hedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  the  single  crystal.  Such  crystals  also  exhibit  pseudo-symmetry  and  are 
specifically  called  mwiefic.  Thus  aragonite  is  an  example  of  an  orthorhombic 
species,  whose  crystals  often  imitate  by  twinning  those  of  the  hexagonal 
system/-  Again,  a  highly  complex  twinned  crystal  of  tlie  monoclinic  species, 
phillipsile,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the 
isometric  system.  This  kind  of  psoudo-symmetry  also  occurs  among  the 
groups  of  ;i  sine:le  system,  since  a  crystal  belonging  to  a  group  of  low  symmetry 
may  by  twinning  gain  the  geometrical  symmetry  of  the  corresponding  form 
of  the  normal  group.  This  is  illustrated  by  a  twinned  crystal  of  scheelite 
like  that  figured  (Fig.  378)  in  the  chapter  on  twin  crystals. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
symmetry  of  another  system  of  lower  grade,  is  particularly  common  in 
crystals  of  the  isometric  system  (e,g.j  gold,  copper).     The  result  is  reached  in 


*The  itrms pseud4)'?iexagonal,  etc.,  used  in  this  asd  similar  cases  explain  themsL-lvea. 
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«uca  cases  by  an  abnormal  developmont  or  "distortion^*  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  a 
later  page. 

21.  Possible  Oronps  of  Symmetry. — The  theoretical  consideration  of  the 
different  kinds  of  symmetry  possible  simong  crystals  built  up  of  like  molecules, 
as  explained  in  Arts.  30-32,  has  led  to  the  conclusion  that  there  are  thirty- 
two  (32)  types  in  all,  differing  with  respect  to  the  combination  of  the  different 
fiymmetry  elements  just  described.  Of  these  thirty-two  natural  groups  among 
crystals  based  upon  their  symmetry,  seven  groups  include  by  far  the  larger 
number  of  crystallized  minerals.  Besides  these,  some  thirteen  or  fourteen 
others  are  distinctly  represented,  though  several  of  these  are  of  rare  occur- 
rence. Further,  eight  or  nine  others,  making  in  all  twenty-nine  or  thirty,  are 
known  among  crystallized  salts  made  in  the  laboratory.  The  characters  of 
'each  of  the  thirty-two  groups  are  given  under  the  discussion  of  the  several 
crystalline  systems. 

22.  Crystallographic  Axes. — In  the  description  of  the  form  of  a  crystal, 
especially  as  regards  the  position  of  its  faces,  it  is  found  convenient  to 
assume,  after  the  methods  of  analytical  geometry,  definite  lengths  of  certain 
lines  passing  through  the  center  of  the  ideal  crystal,  as  a  basis  of  reference. 
{See  further  Art.  33  et  seq,) 

These  lines  are  called  the  crystallogrnphic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by*the  symmetry  of  the  crystals,  for  an  axis  of 
symmetry  is  in  almost  all  cases*  a  possible  crystallographic  axis.  Further, 
their  unit  lengths  are  fixed  sometimes  by  the  symmetry,  sometimes  by  the 
faces  assumed  as  fundamental,  t.«.,  the  unit  forms  in  the  sense  defined  later. 
The  dotted  lines  shown  in  Fig.  19  are  the  crystallographic  axes  to  which  the 
cubic  faces  are  referred. 

23.  Systems  of  Crystallization. — The  thirty-two  possible  crystalline  groups, 
distinguished  from  one  another  hj  their  symmetry,  are  classified  in  this  work 
under  six  systems,  each  characterized  by  the  relative  lengths  and  inclinations 
of  the  assumed  crystallographic  axes.     These  are  as  follows: 

I.  Isometric  System.     Three  equal  axes  at  right  angles  to  each  other. 

II.  Tetragonal  System.  Three  axes  at  right  angles  to  each  other,  two 
of  them— the  lateral  axes — equal,  the  third — the  vertical  axis— longer  op 
shorter. 

III.  Hexagonal  Sxstem.  Four  axes,  three  equal  lateral  axes  in  one 
plane  intersecting  at  angles  of  60"^,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  Orthorhombic  System.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  MoNOCLiNic  System.  Three  axes  unequal  in  length,  and  having  one 
of  their  intersections  oblique,  the  two  other  intersections  equal  to  90°. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

The  systems  of  crystal! izaliou  have  been  variously  named  by  different  authors,  aa 
follows: 

Isometric.  Tessular  of  Mohs  and  Haidinger;  Isometric  of  Hausmann;  Tesseral  of 
Naumann:  Regular  of  Weiss  and  Rose;  Cubic  of  Dufrenoy,  Miller,  Des  Cloizeauz; 
Monometric  of  the  earlier  editions  of  Dana's  System  of  Miieralogy. 


•Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  necpssarily  be  the 
jizes  of  tetragonal  symmetry  (Fig.  19),  and  cannot  be  those  of  binary  or  trigonal  symmetry 
<Figs.  17,  18). 
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Thtragonal.  Pyramidal  of  Moha;  ViergHedrigc,  or  Ztretund-einnxige,  of  Weiss; 
TetragontU  of  Nuumiiuu;  Monodimetrie  of  Hausmnuu;  Quadruttc  of  vod  Kobell;  Dimevnc 
of  enrly  edilions  of  Dhdh's  System. 

Hexagonal.  Rfiombohedral  of  Mohs;  Seclisgliedrige,  or  Dieiund-tinaxtge  of  Weiss; 
Hexagonal  of  Nauinuuu;  Monotrimetric  of  Huusmuuu. 

OiiTHORHOMBic.  PHsinatic,  or  OrViotype,  of  Mohs;  Ein-vnd  etnmnge  of  Weiss; 
Rhoitihie  uiid  An%»ometric  of  Nuuinann:  Trimetric  and  Ort/tor  ornbic  ul  Hausiuaun; 
Trimeiric  of  earlier  ediiioiis  of  Dana's  System. 

MoNOCLiNic.  Hemiprismatic  and  JJefniorthotype  of  Mobs;  ZtM»  undeinuliedrige  of 
Weiss;  Moiwclinoliedrttl  of  Naumnuu;  Cliiiorhombic  of  v.  K  >bell.  HauNniann,  De& 
Cloizeuux:  ^Iti^Vic  of  Haidiager;  Oblique  o(  Miller;  Monoaymmetric  of  Grolb  (lh7tf). 

TiuCLiNic.  TetartO'pri^maiic  of  Molis;  Ein-und-einyliedrtye  of  We  >s;  Triclirutltednit- 
of  Naumann;  Ciinorfiomboidal  oi  v.  Kobell;  Anorthic  of  Haiuin;j:er  and  Mllcr;  AiwrViic^ 
or  Doubly  Oblique,  of  Des  Cloizeaiix;  AsummeiHc,  of  Groili  (187o) 

As  remarked  Inter,  some  authors  prefer  to  divide  the  tliirty  iwo  symmetry  gn>ups  into 
$even  systems,  referring  the  iio-culled  rhombobedral  forms  to  three  equal  axes  witu  equal 
oblique  intersectioDs;  this  is  the  iriyotial  tyttem  of  Groth  (189(5;. 

24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  groups  differing  among  themselves  in  their  symmetry* 
One  of  these  groups  is  conveniently  called  the  nornnd  group,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  groups  comprised  within  a  given  system 
are  at  once  essentially  connected  together  by  their  common  opcical  characters^ 
and  in  general  separated  "^  from  those  of  the  other  systems  in  the  same  way. 

In  the  paragraphs  immediately  following,  a  synopsis  is  given  of  the  sym- 
metry of  the  normal  group  of  each  of  the  different  systems,  and  also  that  of 
one  subordinate  group  of  the  hexagonal  system,  which  is  of  so  great  impor- 
tance that  it  is  also  oiten  conveniently  treated  as  a  sub-system  even  when,  as 
in  this  work,  the  forms  are  referred  to  the  same  axes  as  those  of  the  strictlj- 
hexagonal  type — a  usage  not  adopted  by  all  authors. 

29.  Sjrmmetry  of  the  Systems. — With  respect  to  tlie  symmetry  of  the  form,, 
which  finds  practical  expression,  as  before  stated,  in  the  axial  relations,  the 
normal  groups  under  the  different  systems  are  characterizod  as  follows. 

I.  Isometric  System.  Three  like  axial  f  planes  ot*  symmetry  (principal 
planes)  parallel  to  the  cubic  faces,  and  fixing  by  their  intersection  the 
crystallographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through 
each  opposite  pair  of  cubic  edges,  and  hence  parallel  to  tlie  faces  of  the 
rhombic  dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  cubic  or  crystallo- 
graphic axes;  four  like  axes  of  trigonal  symmetry,  thp  o(*tahedral  axes;  atid 
six  like  axes  of  binary  symmetry,  the  dodecahedral  mxos.  I'here  is  also 
obviously  a  center  of  symmetry  .J  These  relations  are  illustrated  by  Fig.  )tS^ 
also  by  Fig.  41 ;  further  by  Figs.  70  to  110. 

•Crystals  of  the  tetragonal  and  hexagonal  RyRtoms  are  alike  in  b^insr  optK-ally  unnxfal; 
but  the  crystals  of  all  the  other  systems  Imve  distingtiisMng  opn'cal  «  ■  anic'«*r8. 

fTwo  planes  of  symmetry  are  said  lo  be  likeys\\ev\  they  divide  tie  ideal  crystal  int'v 
lialvos  wiilch  arc  identical  to  c^ach  otlier:  otherwise,  tln^y  are  said  to  he  unlike.  Ax<-s  of 
symmetry  are  also  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallo- 
graphic axes,  it  is  oilled  an  nrinl  plane  of  symmetry.  If  ihe  plm  inflmh^s  two  or  mf>re 
like  axes  of  symmetry,  it  is  called  a  principal  plane  of  symmetry;  als*  an  axis  of  symmetry 
In  which  two  or  more  like  planes  of  symmetry  m  et  is  a  jyrittrinftl  axis  of  symmetry. 

{In  describing  the  symmetry  of  the  different  gioups.  here  ami  later,  the  oeuter  oli 
symmetry  is  ordinarily  not  meutioued  when  its  presence  or  abseuce  is  obvious. 
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II.  Tbtbaoonal  Ststeu.  Three  asial  planes  of  symmetry:  of  these  two 
are  like  pUues  mteruectiiig  at  90"  in  a  line  which  is  the  vertical  orystallo- 
graphic  axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  aniS 


lience  contains  the  lateral  axes.  There  are  also  two  diagonal  planes  of  sym- 
metry, intersecting  in  the  Tertical  axis  and  meeting  the  two  axial  planes  at 
•nglea  of  45°. 

Further,  there  is  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallographic  axis.  There  are  also  in  a  plane  normal  to  this 
four  axes  of  binary  aynimetry— like  two  and  two — those  of  each  pair  at  right 
angles  to  each  other.  Fig.  29  shows  a  typical  tetragonal  crystal,  and  Fig.  30 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  syro- 
metiT  normal  to  the  vertical  axis.     See  also  Fig.  43  and  Figs.  149-171. 

III.  HkxaoONal  Ststem.  In  the  Hexagonal  Division  there  are  four 
axial  planes  of  symmetry;  of  these  three  are  like  planes  meeting  at  angles  of 
60°,  their  intersection -line  being  the  vertical  crystallographic  axis;  the  fourth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  in  the 
Tertioal  axis,  and  making  with  them  angles  of  30°. 


Beryl 


Beryl. 


Corundum. 


Farther,  there  is  one  principal  axis  of  hexagonal  symmetry;  this  is  the 
Tertical  cryBtallograpfaio  axis;  at  right  angles  to  it  there  are  also  six  binary 
axes.  1'he  last  are  in  two  seta  of  three  each.  Fig.  31  shows  a  typicu 
hexagonal  crystal,  and  Fig.  32  a  basal  projection  of  the  same.  See  als» 
Fig.  43  aud  Figa.  195-309. 
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lu  the  7¥igonal  or  Rhovihohedral  Division  of  this  Eyatem  there  are  three 
like  plmies  of  aymaietry  intersecting  at  aDgles  of  60  in  the  vertical  axis. 
Further,  the  forms  belonging  here  have  a  vertical  principal  axis  of  trigonal 
aynimetry,  and  three  horizontal  axes  of  binary  symmetry,  diagonal  in  position  . 
to  the  crystallographic  axes.  Fig.  33  shows  a  t^rpical  r  horn  boh  edral  crystal, 
and  Fig.  34  a  buaal  projectiou.     See  also  Figs.  336-252. 
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Ciiriiudiim.  OhrTSollte.  Chvysolile. 

IV,  Ortiiokhombio  Systrm.  Three  unlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  their  inten^ection-liiics  the  position  of  the  crystalloT 
graphic  axes.  Further,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  last-named  axes.  Fig.  3j  show;*  a  typical  orthorhombic  crystal,  and 
Fig.  36  a  basul  projection.      See  also  Fig.  44  and  Figs.  273-303. 

V.  MoNOcLisic  System.  One  plane  of  symnjctry  which  contains  two  ol 
the  crystallographic  axes.  Also  one  axis  of  binary  symmetry,  noriDal  to  thia 
plane  and  coinciding  with  the  third  crystallographic  axis.  See  Figs.  37-39; 
also  Fig.  45  and  Figs.  312-3S7. 


/"'    i      7 
Pyroxene;  Pyroxtne.  Ailiiile. 

VI.  Tbicltnic  System.  Ko  plane  and  no  axis  of  symmetry,  but  sym- 
metry solely  with  respect  to  the  central  jioint.  Fig.  40  and  Fig.  46  show- 
typical  triclinic  crystals.     Sec  also  Fips.  333-341. 

26.  The  relations  of  the  normal  gronps  of  the  different  systems  are  further 
illustrated  both  as  regards  the  crystallographic  axes  and  symmetry  by  the  accom- 
panying figures.  41-46.  The  exterior  form  is  here  that  bounded  by  faces  each 
of  which  is  parallel  to  a  plane  through  two  of  the  crystallographic  axes 
indicated  by  the  central  broken  lines.  Further,  there  is  shown,  within  this,  tha 
combination  of  faces  each  of  which  joins  the  extremities  of  the  unit  lengths 
ol  the  axes. 
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The  full  underatandiiig  of  the  subject  will  not  be  gained  until  after  a 
study  of  the  forms  of  each  system  in  detail.  Nevertheless  the  student  will  do 
well  to  make  himself  familiar  ut  the  outset  with  the  fundamental  relations 
here  illnBtcated. 


It  will  be  shown  later  that  the  symmetry  of  the  different  groups  can  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  spherical  projection  ex- 
plained in  Art.  38  el  aeg. 

ST.  Kodali — UlaM  (or  tmn'-pnrcDt  cclluloM)  moituU  llluatratlDg  tbe  different  SfatemB. 
bavin);  ilii!  forms  slJown  in  Figs.  41-4U.  will  be  very  useful  in  the  student,  especially  iii 
leftTiiiii;!  me  fiiDiltuneiitul  reliitiotis  as  re!;anls  synimeiry.  Tliey  Hliould  slinw  nitlilii  tlie 
crysi  allograph  I  c  uses,  uud  by  colored  thrnKls  nr  wires  tlie  outlines  of  one  or  more  simple 
forms.  MiHle  s  •  of  wood  nre  also  mnde  In  grent  VHrieiv  and  perfcclioii  iif  form;  these  are 
indispensable  to  the  student  fu  mastering  the  principles  of  crysritllognipliy. 

28.  So-called  Holohedral  and  Hemibedral  Formi. — It  will  appear  later  that 
each  crystal  form  f  of  the  normal  group  in  a  given  system  embraces  all  the 
ftices  wnicli  have  a  like  geometrical  position  with  reference  to  the  crystallo- 
graphic  axes;  such  a  form  is  said  to  be  holohedral  (from  oAos  and  eSpn,  face). 
On  the  other  hand,  under  the  groups  of  lower  symmetry,  a  cert*<in  form,  while 
necessarily  having  all  the  faces  which  the  symmetry  allowK.  may  yet  have  but 
half  M  many  as  the  corresponding  form  of  the  normal  group;  these  half-faced 
forms  are  sometimes  called  on  this  account  hemihedral.  Furthermore,  it  will 
be  seen  that,  in  such  cases,  to  the  given  holohedriil  form  there  correspond  two 
similar  and  complementary  hemihedral  forms,  called  respectively  plus  and 
miaos  {or  right  and  left),  which  together  embrace  all  of  its  faces. 
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A  single  example  will  help  to  make  the  above  statement  intelligible.  In  the  normal 
group  of  the  isometric  system,  the  octahedron  (Fi>^.  47)  is  a  *'Lolohedrar' form  viith  all 
the  possible  faces—eight  iu  number — which  are  u  ike  in  that  they  meet  the  axes  at  equal^ 
distances.  In  he  tetraht'dral  group  of  the  sttme  systetn,  the  form^  are  referred  to  the  same 
ciyslallographic  axes,  but  the  symmetry  detincd  in  Art.  19  (and  more  fully  later)  calls  for 
but  four  similar  taces  having  the  |M)8ition  descril)ed.  'these  yield  a  four  faced,  or  **heml- 
hedral."  form,  the  tetiahedron.  Figures  48  and  49  show  tiie  plus  and  minus  tetrahedron, 
which  together,  it  will  be  seen,  embrace  all  the  faces  of  the  octahedron.  Fig.  47. 


47. 


48. 


49. 


60. 


In  certain  groups  of  still  lower  symmetry  a  given  crystal  form  may  hare 
but  one-quarier  of  the  faces  belonging  to  the  corresponding  normal  form,  and,, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartohedral. 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedraH  forms  under  a  given  system  has  played  a  prominent  part  in  the  crystal- 
lograpny  of  the  past,  but  it  leads  to  much  complexity  and  is  distinctlv  less: 
simple  than  the  direct  statement  of  the  symmetry  in  each  case.  The  latter 
metnod  is  systematically  followed  in  this  work,  and  the  subject  of  hemihedrisni: 
is  dismissed  with  the  brief  (and  incomplete)  statements  of  this  and  the  follow- 
ing paragraphs. 

29,  uemimorphic  Forms. — In  several  of  the  systems,  forms  occur  under  the 
groups  of  lower  symmetry  than  that  of  the  normal  group  which  are  character- 
ized by  this:  that  there  is  no  transverse  plane  of  sym- 
metry, but  the  faces  present  are  only  those  belonging  to 
one  extremity  of  an  axis  of  symmetry  (and  crystulo- 
graphic  axis).  Such  forms  are  conveniently  callea  A^nti- 
morphic  forms.  A  simple  example  under  the  hexagonal 
system  is  given  in  Fig.  50.  It  is  obvious  that  hemi- 
morphic  forms  have  no  center  of  symmetry. 

30.  Molecular  Hetworki. — Much  li^ht  has  recently 
been  thrown  upon  the  relations  existing  between  the 
different  types  of  crystsils,  on  the  one  hand,  and  of  these 
to  the  physical  properties  of  crystals,  on  the  other,  by 
the  consideration  of  the  various  possible  methods  of 
2j    {.  grouping  of  the  molecules  of  which  the  crystals  are 

supposed  to  be  built  up.   This  subject,  very  early  treated! 

by  Hauy  and  others  (including  J.  D.  Dana),  was  discussed  at  length  by  Fran- 

kenheim  and   later  by  Bravais.     More  recently  it  has  been   extended   and 

elaborated  by  Sohncke,  Wulff,  Schonfliess,  Fedorow,  Barlow,  and  others.* 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 


*  See  the  literature  following  Art.  82. 
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physical  uiiitB,  called  the  physical,  or  crystal,  molecules.  Of  the  form  of  the- 
molecules  nothing  ia  defiiiiiuly  known,  and  though  theory  has  Eomething  to  say 
about  their  size,  it  is  enough  here  to  understand  that  tliey  are  alniost  intioitely 
«mall,  so  small  that  the  surface  of  a  solid — e.g.  of  a  crystal — may  appear  to  the 
tuQcb  and  to  the  eye,  even  when  uaaiBted  by  a  powerful  microscope,  as  perfectly 
.amooth. 

The  molecules  are  further  believed  to  be  not  in  contact  but  separated  from 
«ne  another— if  in  contact,  it  would  be  impossible  to  explain  the  motion  to  which 
the  sensible  heat  of  the  body  ia-  due,  or  the  transmission  of  radiation  (radiant 
heat  and  light)  through  the  mass  by  the  wave  motion  of  the  ether,  which  is 
believed  to  penetrate  the  body. 

When  a  body  passes  from  the  state  of  a  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecules,  the  result  is  a  crystal  of  some  definite  type  ae  regards 
symmetry.  The  simplest  hypothesis  which  can  be  made  assumes  that  the 
form  of  the  crystal  is  deteruiined  by  tlie  way  in  which  the  molecules  gronp 
themselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  fonces  between  the  molecules  vary  in  magnitude  and  direc- 
tion from  one  type  of  crystal  to  another,  the  resultant  grouping  of  the  molecules 
must  also  vary,  particularly  as  regards  the  distance  between  them  and  the 
angles  between  the  planes  in  wliicli  they  lie.  This  may  be  simply  represented 
by  a  series  of  geometrical  diagrams,  showing  the  hypothetical  gi-oupings  of 
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pointfi  which  are  strictly  to  be  regarded  as  the  centers  of  gravity  of  tbe  mole- 
cules themselves.  Such  a  grouping  is  named  a  network,  or  point-system,  and 
it  is  said  to  be  regular  when  it  is  tbe  same  for  all  parallel  lines  and  planes, 
however  they  be  taken.  For  the  fundamental  observed  fact,  true  in  all  simple 
crystals,  that  they  have  like  physical  proi)erties  in  all  parallel  directions,  leads 
to  the  conclusion  that  the  grouping  of  the  molecules  must  be  the  same  about 
each  one  of  them  (or  at  least  about  each  unit  group  of  them),  and  further  the 
same  in  all  parallel  lines  and  planes. 

Tbe  subject  may  be  illustrated  by  Figs.  51,  b'Z  for  two  typical  cases,  which 
are  easily  onderstood.  In  Fig.  51  the  most  special  case  is  represented  where 
tbe  points  ore  grouped  at  equal  distances,  in  planes  at  right  angles  to  each 
«ther.     i'he  structure  in  this  case  obviously  corresponds  in  symmetry  to  the 
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cube  described  in  Arts.  15  and  16,  or,  in  other  words,  to  the  normal  group  of 
the  isometric  system.  Again,  in  Fig.  52,  the  general  case  is  shown  where  the 
molecules  are  nnequally  grouped  in  the  three  directions,  and  further  these 
directions  are  oblique.  Tlie  symmetry  is  here  that  of  the  normal  group  of  the 
triclinic  system. 

If,  in  each  of  these  cases,  the  figure  be  bounded  by  the  simplest  possible 
arrangement  of  eight  points,  the  result  is  an  elementary  parallelopipedy  which 
obviously  defines  the  molecular  structure  of  the  whole.  In  the  grouping  of 
these  parallelepipeds  together,  as  described,  it  is  obvious  that  in  whatever 
direction  a  line  be  drawn  through  them,  the  points  (molecules)  will  be  spaced 
alike  along  it,  and  the  grouping  about  any  one  of  these  points  will  be  the  same 
as  about  any  other. 

31.  Certain  important  conclusions  can  be  deduced  from  a  consideration  of 
such  regular  molecular  networks  as  have  been  spoken  of,  which  will  be 
enumerated  here  though  it  is  impossible  to  attempt  a  full  explanation. 

(L)  The  prominent  crystalline  faces  must  be  such  as  include  the  largest 
number  of  points,  that  is,  those  in  which  the  points  are  nearest  together. 

Thus  in  Fig.  53,  which  represents  a  section  of  a  network  conforming  in 
symmetry  to  the  structure  of  a  normal  orthorhombic  crystal,  the  common  crystal- 
line faces  would  be  expected  to  be  those  having  the  position  hb^  aa,  mm,  then 
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U,  nn,  and  so  on.  This  is  found  to  be  true  in  the  study  of  crystals,  for  the 
common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  some  simple 
relation  to  the  assumed  axes;  forms  whose  position  is  complex  are  usually 
present  only  as  small  faces  on  the  simple  predominating  forms,  that  is,  as 
modifications  of  them.     So-called  vicinal  forms,  that  is,  forms  taking  the  place 
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of  the  simple  fundamental  forms  to  which  they  approximate  very  closely  in 
angular  position,  are  exceptional. 

(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  between  them  (that  which  fixes  their  position)  must  be  rational 
and,  as  stated  in  (U,  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This,  as  explained  later,  is  found  by  experience  to  be  a  fundamental 
law  of  all  crystals.  Thus  in  Fig.  53,  starting  with  a  face  meeting  the  section 
in  f/iw,  U  would  be  a  common  face,  and  for  it  the  ratio  is  1::;^  in  the  directions 
b  and  a;  nn  would  be  also  common  with  the  ratio  2: 1. 

(3)  If  a  crystal  shows  the  natural  easy  fracture,  called  cleavage,  due  to  a 
minimum  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively  great 
molecular  crowding,  that  is,  one  of  the  corunion  or  fundamental  faces.  This 
follows  (and  thus  gives  a  partial,  though  nut  complete,  explanation  of  cleav- 
age) since  it  admits  of  easy  proof  that  that  plane  in  which  the  points  are 
closest  together  is  farthest  separated  from  the  next  molecular  plane.  Thus  in 
Fig.  53  compare  the  distance  separating  two  adjoining  planes  parallel  to  bb  or 
aai  then  two  parallel  to  mm,  II,  nn,  etc.  Illustrations  of  the  above  will  be 
found  under  the  special  discussion  of  the  subject  of  cleavage. 

32.  Kinds  of  Molecular  Oronpings. — The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  tiie  seven  grouos  defined  ia 
Art.  25  as  representing  respectively 
the  normal  groups  of  the  six  systems 
with    also   that  of   the  trigonal   (or   ^.^ -K)       ^9  -p       ^  S  *- --o 


the  rhombohedral)  division  of  the 
hexagonal  system  Of  the  fourteen, 
three  groupings  belong  to  the  iso- 
metric system  (these  are  shown,  for 
sake  of  illustration,  in  Fig.  54,  a,b,c,  from  Groth);  two  to  the  tetrasronal;  one 
each  to  the  hexagonal  and  the  rhombohedral;  four  to  the  orthorhombic  sys- 
tem; two  to  the  monoclinic,  and  one  lo  the  triclinic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex- 
istence of  the  groups  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  group.  It  has  been  shown,  however,  bv  Sohncke  and  later  by 
Fedorow,  Schonflies  and  Barlow,  that  the  theorv  mhuits  of  extension.  The- 
idea  supposed  by  Sobncke  is  this:  that,  instead  of  the  simple  form  shown,  the- 
network  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  a» 
luiving  a  position  relative  to  the  other  (l)  as  if  pushed  to  one  side,  or  {'I)  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (?)  and  displaced 
as  in  (I).  The  complexity  of  the  subject  makes  it  impossible  to  develop  it 
here.  It  must  snftice  to  say  that  with  this  extension  Solinoko  conHndes  that 
there  are  65  possible  groups.  This  number  has  been  further  extendod  to  230 
by  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
distinct  types  as  regards  symmetry,  and  thus  nil  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Li/era fure. — A  complete  understanding  of  this  subject  can  only  be  grained 
by  a  careful  study  of  the  m?iny  papers  devoted  to  it,  a  partial  list  of  which  is 
added  below.  Further  references  particularly  to  the  early  literature  are 
given  in  Sohncke's  work  (see  below).  An  excellent  and  very  clear  summary  of 
the  whole  subject  is  sfiven  by  Groth  in  the  third  edition  of  his  Physikalische 
Erystallograpbie,  1895. 
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GENERAL  MATHEMATICAL  RELATIONS  OF 

CRYSTALS. 

33.  Axial  Ratio,  Axial  Plane. — The  crystallograpbic  axes  have  been  defined 

(Art.  22)  as  certain  lines,  usually  determined  by  the  symmetry,  which  are  used 

in  the  description  of  the  faces  of  crystals,  and  in  the  determination  of  their 

position  and  angular  inclination.     With  these  objects  in  view,  certain  lengths 

55.  of  these  axes  are  assumed  as  units  to  which  the 

occurring  faces  are  referred. 

The  axes  are,  in  .general,  lettered  a,  i,  <?,  to 
correspond  to  the  scheme  in  Fig.  55.  To  aid  the 
memory,  the  letters  may  be  further  distinguished; 
as  i  (vertical  axis) ;  ^,  f  (shorter  and  longer  lateral 
axes),  etc. 

If  two  of  the  axes  are  equal,  they  are  desig- 
nated a,a^d\\i  three,  a,  a,  a.  In  one  system,  the 
hexagonal,  there  are  four  axes,  lettered  a,  a,  a,  L 

Further,  in  the  systems  other  tlian  the  isomet- 
ric, one  of  the  lateral  axes  is  taken  as  the  unit  to 
which  the  other  axes  are  referred;  hence  the  lengths  of  the  axes  express 
strictly  the  axial  ratio.  Thus  for  sulphur  (orthorhombic,  see  Fig.  57)  the 
axial  ratio  is 

a  :  J  :  (5  =  0-8131  :  1  :  19034. 
For  rutile  (tetragonal)  it  is 

a  :  <J  =  1  :  0*64415,    or,    simply,  6  =  0*64415. 
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The  plane  of  any  two  of  the  axes  is  called  an  axial  pJatie,  and  the  space 
^clnded  by  the  three  axial  planes  ia  an  oclanl,  since  the  total  space  about  the 
enter  is  thus  divided  bv  the  three  axes  into  eight  parts.  In  the  hosagonal 
fBtem,  however,  where  there  are  three  lateral  axes,  the  space  about  tte  center 
!  divided  into  12  parts,  or  sectnula. 

34.  Farameteri,  Symbol.— The  paramelers  of  a  plane  are  its  intercepts  on 
be  asBumed  axes.  The  symbol  expresses,  often  m  abbreviated  form,  the 
elation  of  these  intercepts  to  certain  lengths  of  the  axes  taken  as  units. 

For  example,  in  Fig.  5G  let  the  lines  OX,  0¥,  OZhe  taken  as  the  direc- 
ions  of  the  crystaliographic  axes,  and  let  OA,  OB,  OC  represent  the  nnit 
iDgths, designated  (always  in  the  same  order)  by  the  letters  a,  b,c.  Then  the 
^rameters  for  the  plane  (l)  HKL  are  OH,  OK,  OL;  for  the  plane  (2)  SJf^M 
hey  are  Oil,  OA,  OM.  But  in  terms  of  the  nnit  lengths  these  an, 
espectively, 

(1)    \'-\i-\'-       "        (2)    1»:|5!=«- 

Theee  two  expressions  are  identical,  since  the  two  planes  HKL,  MNR  are 
arallel  and  hence  crystallogntphically  the  same.  Obviously  each  of  the  above 
ipressions  msy  be  changed  into  tlie  other  by  mnltiplying  (or  dividing)  by  4. 


'X  will  be  noted  that  in  (1)  the  nnmerators  of  the  fractional  numbers  express* 
ng  the  relation  to  the  axes  are  all  unity;  while  in  (3)  the  number  referring 
o  one  of  the  lateral  axes  (a)  is  made  unity.  The  significance  of  this  distinc- 
ion  will  appear  at  once. 

The  general  expression  for  any  plane  referred  to  these  axes,  written  after 
ha  same  method,  will  be 


(1) 


(2)     U 
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Here  in  (1)  tbe  numbers,  or  indices,  hkl  (in  the  case  above,  432)  constitnf 
the  symbol  after  the  method  of  Miller  (1839;  earlier  developed  by  Whewe 
and  Grassmann). 

The  second  form  (2)  is  the  symbol  essentially  as  early  written  by  Weisi 
This  last  was  contracted  by  Naumann  to  t/iPn  {mOji  in  the  isometric  system 
the  axes  bein^  omitted  from  the  expression  and  the  order  reversed;  the  sam 
with  the  omission  of  the  P  (or  0),  m-n,  is  adopted  in  Dana's  System  c 
Mineralogy,  in  the  last  edition  (1892)  of  which  worK,  however,  the  Miller  syn 
bols  are  given  the  preference. 

In  the  hexagonal  system  there  are  assumed  four  axes,  three  of  them  laten 
axes.  Corresponding  to  this,  in  the  symbols  after  the  method  of  Miller  s 
adapted  by  Bravais,  there  are  four  indices,  hkil.  The  relation  of  these  to  th 
axes  is  the  same  as  in  the  other  cases,  as  explained  under  the  hexagoni 
system. 

The  following  are  other  examples  of  planes  with  the  symbols  written  afte 
the  two  methods  given.  It  will  be  seen  that  the  respective  expressions  unde 
(1)  and  (2)  are  identical. 

(1)  (2) 

MU]er*t  Symbol  NauiDMin*8  SymboL 

2«:  3*:  j-« 221        or        la:  IbiZe 2Por2 

ia:  ift:  l<j 212         "         la:  ^U P2orl.a 

3         1        « 

ia:  ^b:  ^e,... 201         «•         la:cob:%c 2Pboor2-r 

i-a:  -b:  4« 210         ••         la:  2b:a>c coP2ortP.2 

«         1        0 

ja:  -^b:  ^e 100        ••         laicobiaoe wPcoori4 

If  the  axial  values  are  measured  behind  for  the  axis  a,  to  the  left  for  J,  o 
below  for  c,  they  are  called  negative,  and  a  minus  sign  is  placed  over  tb 
corresponding  number  of  the  Miller  symbols;  as. 


Miller.  Mfller. 

11.1  ...  1..   1..    1 

2^^-2*-2 


_ra:  "U'.^e 25l  -g^'  O**!^ ^^ 


It  is  sometimig  stated  th-U  Naumnnn's  symbols  are  the  more  easy  of  comprehensio 
because  more  readily  referred  to  the  axes,  aud  this  is  in  a  measure  true.  If  the  studem 
however,  will  accustom  himself  to  ihink  of  the  Miller  syuibols  in  the  form  given  above,  thi 
is,  always  as  the  denoiniuators  of  the  fractional  values  of  the  axes  whose  numerators  ai 
unity,  he  will  never  have  any  trouble  in  seeine:  the  position  of  a  given  plane  relatively  t 
the  axes.  He  must  rem(Mnl)er  that  the  orier  Is  always  that  given  above,  h.  k,  and  I  refei 
riwj;  respectively  lo  the  axes  a,  b,  and  c;  niortover,  he  will  note  that  a  zero,  0,  alwa} 

means  that  the  given  plane  is  parallel  to  the  axis  to  which  it  refers,  since  —  =  go. 

With  the  symbols  of  Naumann,  the  m,  written  first,  always  refers  to  the  vertical  axli 
while  the  //,  which  follows,  and  is  alwavs  greater  than  unity,  refers  to  one  of  the  laten 
axes,  the  otlier  being  made  unity.  To  which  lateral  axis  the  n  belongs  is  often  indicate 
by  a  mark  over  the  7i  (n,  or  n.  or  n).  or  attached  to  the  A*  as  explained  under  the  differei 
systems.  When  r/i  =  1.  it  is  omitted  before  the  P  or  0  (but  not  so  when  the  Ph  dropped 
and  when  n  =  1,  it  is  omitted  in  all  <as'.  s. 

Other  systems  of  synbols,  bes'de-  the  two  explained,  have  also  been  or  still  are  in  xm 
a<)  those  oi  Weiss,  of  Mohs  and  Uaidiuge^,  Hausmann,  Levy,  Goldschmidt,  and  othen 
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the  symbols  of  Weiss  are  essentinlly  those  already  fc^^cD  (under  2.  p.  23)  which, 
▼iated  (and  inverted  in  order),  were  adopted  by  Nuumanu.  The  symbols  of  L6vy 
been  extensively  used  by  the  French  school  t)f  mineralogists.  A  very  full  explanation 
the  different  systems,  as  of  that  recently  devised  b^  himself,  is  given  in  Goldschmidt*a 
:  (1886-1891).  Tran8formati«m  equations  for  the  important  casts,  are  given  by  Groih 
;.  Kryst.)*  Mai  lard  (Crist.,  vol.  1),  Liebisch  (Kryst.),  and  others  ;  see  p.  2. 

6.  Law  of  Rational  Indioes. — The  study  of  crystals  has  established  the 
ral  law  that  the  ratios  between  the  intercepts  on  the  axes  for  any  face  on 
^stal  to  those  of  any  other  face  can  always  be  expressed  by  rational 
bers.    These  ratios  may  be  1:2,  2:1,  2:3,  1 : 0  (cx> :  I ),  etc.,  but  never 

I,  etc.     Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be 
tr  whole  numbers  or  zero,  and  similarly  the  m  and  n  of  Naumann's  symbols  * 
be  whole  numbers  or  fractions,  or  infinity. 

I  the  form  whose  intercepts  on  the  axes  a,  b,  c  determine  their  assumed 
lengths — the  unit  jorrn  as  it  is  called— is  well  chosen,  these  numerical 
)8  of  the  indices  are  in  most  cases  very  simple.    In  the  Miller  symbols, 
i  the  numbers  from  1  to  6  are  most  common. 

'he  above  law,  which  has  been  established  as  the  result  of  experience,  in 
follows  from  the  consideration  of  the  molecular  structure  as  hinted  at  in 
irlier  paragraph  (Art.  31). 

tie  law  of  rational  indices  finds  an  illustration  later  under  the  isometric  system.  It  is 
I  there  that  three  of  the  five  regular  solids  of  geometry,  viz.,  the  cube,  octahedron, 
he  regular  triangular  pyramid  (cry&>tallographicully  the  tetrahedron)  all  occur  among 
ftis;  the  regular  pentagonal  dodecahedron  and  icosahedron.  on  the  contrary,  are  im- 
ble  forms.    This  is  true  bt  cause  the  ratios  of  their  intercepts  on  the  axes  for  such  forms 

d  be  irrational;  thus  for  the  regular  dodecahedron  the  ratio  would  be  1 :  2—1LjL-. 

2 

e  are.  it  is  true,  two  forms  respectively  twelve-sided  and  twenty-sided  which  approz* 

I  to  these  regular  solids,  but  their  faces  in  the  first  case  are  not  all  regular  pentagons, 

n  the  second  they  are  not  all  regular  triangles.     In  the  latter  case  it  will  be  seen  that 

venty  faces  in  fact  belong  to  two  distinct  forms,  eight  of  one  and  twelve  of  the  other. 

6.  Form. — A  form  in  crystallography  includes  all  the  faces  which 
a  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
ling  of  this  will  be  appreciated  after  a  study  of  the  several 
>ms.  It  will  be  seen  that  in  the  most  general  case,  that  of  a 
1  having  the  symbol  {hkl),  whose  planes  meet  the  assumed 
axes  at  unequal  lengths,  there  must  be  forty-eight  like 
I  in  the  isometric  system  *  (see  Fig.  101),  twenty-four  in  the 
.gonal  (Fig.  201),  sixteen  in  the  tetragonal  (Fig.  166),  eight 
le  orthorhombic  (Fig.  57),  four  in  the  monoclinic,  and  two 
le  triclinic.  In  the  first  four  systems  the  faces  named  yield 
Dclosed  solid,  and  hence  the  form  is  called  a  closed  form;  in 
'emaining  two  systems  this  is  not  true,  and  such  forms  in  these 
other  caseo  are  called  ope?i  forms.  Fig.  275  shows  a  crystal 
idcvi  by  three  pairs  of  unlike  faces;  each  pair  is  hence 
pen  form.     Figs.  58-61  show  open  forms. 

.he  U7nl  or  fundamental  fonn  is  one  where  parameters  correspond  to  the 
med  unit  lengths  of  the  axes.  Fig.  57  shows  the  unit  pyramid  of  sulphur 
je  symbol  is  (111);  it  has  eight  similar  faces,  the  position  of  which  deter- 
is  the  ratio  of  the  axes  given  in  Art.  33. 


•  The  normal  group  is  referred  to  in  each  case. 
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The  forms  fu  tbe  Uomi^tric  eystem  have  special  Indlvidiial  Diime9.  gtven  later.  In  Ih 
otber  eyalems  cenaiii  geuertil  Dames  are  employed  wliicli  may  be  briefly  mentioned  berc 
A  form  whose  faces  iirc  pai'allel  to  two  of  the  axes  •  is  called  a  pinneoid  (from  airai,  i 
bonrd,  ii  is  sbowu  io  Fig.  56.  Ooe  whose  faces  are  parallel  lo  the  verlical  axis  but  mee 
both  the  hiteral  axes  la  culled  apritm,  us  Fig.  69.  If  the  faces  are  parallel  lo  oue  latera 
oils  only,  it  is  a  dmae{¥iga.  BU,  61).  If  the  faces  meet  all  (be  axes,  the  form  \af>tiramit 
(Fig.  oTj;  ti  is  name  Is  givea  even  if  there  is  onl^  one  face  belontting  to  the  form. 


In  I'ig.  tt2,  a  (100),  b  (010).  e  (OOlj  are  piuacoids;  «i  (110).  »  (120)  ure  prlBms;  d  (101),  e 

' '    ■  ■""■   are  domes;  all  Ihese  are  open  forms.     Fiaally,  e(lil),  /(121)  are  pynto: 

le  Ibcy  are  closed  forms.     The  relation  eiUling  In  each  of  theiw  cases  belwea 


il<Ull),  *<03lj  are  domes;  all 


forms.     Fiaally,  e(lll), /(131)  are  pyntoldi 
relation  eiUling  In  each  of  theiwcase]  '    ' 
tbe  position  of  ihe  faces  to  the  axes  sbou1d*be  carefully  sludied. 


Prism. 

(110) 
(AAO) 


As  abowD  Id  the  above  cases,  tbe  symbol  of  a/i>n 

as  (111),  (100);  or  It  ms}- be  In  brackets  [111]  or  ■(  lH  ^     IflheaymL  _.. 

pareii<he<i*s.  as  111,  It  umiHlty  refers  to  a  slDCie  face  of  the  form  only.     Nole  also  that  wit 
the  Miller  symbols,  each  f>u:e  of  a  given  form  has  Its  own  IndlviduaJ  symbol. 

37.  Zona. — A  zone  includea  a  series  of  faces  on  a  crystal  whose  intereectioi 
lines  are  mutually  parallel  to  each  other  and  to  a  common  line  drawn  throne 
the  center  of  the  crystal,  called  the  zone-axis.  This  parallelism  means  eim^ 
that  the  parameters  of  the  given  faces  have  a  constant  ratio  for  two  of  t'le  aza 
Some  simple  numerical  relation  exists,  in  every  case,  between  all  the  faces  in 
zone,  which  is  expressed  by  the  zonal  equation.  The  faces  a,  m,  t,  b  (Fig.  6S 
are  in  a  zone;  also,  t>,  k,  h,  c,  etc. 

If  a  face  of  a  crystal  falls  simnltaneonsly  in  two  zones,  it  follows  that  it 
symbol  is  fixed  and  can  be  determined  from  the  two  zonal  equations,  withon 
the  measurement  of  angles.  Further,  it  can  be  proved  that  the  face  ooi 
responding  to  the  intersection  of  two  zones  is  always  a  possible  crystal  faci 
that  is,  one  having  rational  values  for  tbe  indices  which  define  its  position. 

In  many  cases  the  zonal  relation  is  obvious  at  sight,  but  it  can  always  b 
detertnined,  as  shown  in  Arts.  48,  44,  by  an  easy  calculation, 

I  tin  si  nil  Ions  will  be  given  after  the  methods  of  representing  a  crystal  by  boritoDtal  an 
■phcriciil  projecliona  have  been  explained.' 

38.  Horizontal  Projections. — In  addition  to  the  usual  perspective  fignrea  < 
crystals,  projections  on  the  basal  plane  (or  more  generally  the  plane  nonni 
to  the  prismatic  zone)  are  very  conveniently  used.  These  give  in  fact  a  ma 
of  the  crystal  as  viewed  from  above  looking  in  the  direction  of  the  axis  < 
the  prismatic  zone.  Figs.  30,32,  34  give  simple  examples;  also  Fig.  63 
projection  of  Fig.  62,  both  repeated  from  p^^  16.  In  these  the  BacceBsiv 
faces  may  be    indicated    by  accents,  as  in  Fig.   63,  passing  around  in  th 


*  In  tbe  tetrsgODsl  system  the   form  (lOOJ  Is,   however,  called  i 
pymmid. 


prism  and  (101) 
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direction  of  the  axes  a,  b,  a',  that  is,  coitnter-clockwise.    On  the  construc- 
tion of  these  projections  see  the 
Appendix  A. 

39.  Spherical  Frojeotiona. — 

The   study  of  actual  crystals, 
p^rticulurlj    as     regards     the 


tngalur  and  zonal  relations  of 
their  fiicea,  is  much  facilitated 
by  the  use  of  the  sphericl  pro- 
jeclion.  In  this  the  position  of 
each  face  is  represented  by  a 
point  called  its  pole,  where  a 
normal  drawn  to  it  from  the  center  and  produced  meets  the  surface  of  the 
sphere.  The  symbols  after  Miller  are  immediately  connected  with  this  pro- 
jection, and  by  means  of  it  all  ordinary  calculations  can  be  performed  in  a 
Tery  simple  manner.  Fig.  65  shows  a  spherical  projection  of  the  orthorhom- 
bic  crystal,  Fig.  62, 

If  the  center  of  a  crystal,  llial  fs,  Ihe  point  of  interseclloD  of  tlie  cryslallograpliic  axes, 


be  lakeo  as  ibe  c 


■;  auil  DormnU  be  ilniwn  from  It  i 

faces  of  llie  uryalul,  [be  poiuls.  wliere  Ihtj 
meet  tbe  eiirfaee  of  tlie  spliere.  will  be.  n% 
licfore  defined,  iliu  polet  or  the  rispeciive 
facts.  For  <'xniiii>le.  iu  Fi:;.  64.  tbe  com- 
mon reiilerof  Ibe  tijslfti  and  sphere  is  nlO, 
tbe  uormal  tu  ibe  ftice  b  meeis  Ihi:  surface 
of  tbe  spliere  ai  B,  of  S'  ai  B'.  of  d  and  e 
at  D  anil  E  rcHpectivcly.  nnil  so  on.  These 
poles  evuleudy  deieniiiue  the  posiiiou  of 
llic  fiice  III  cHcli  case. 

It  ia  obvjouB  thai  the  pole  of  ilie  face  b' 
(OiO)  opposite  b  (010)  will  he  iit  llic  opposite 
p   exiv.mily  of  the  diameter  of  thr'K|ihere,  and 
ao  in  Keneral  for  (120)  and  (1^),  elc.     !l 
is  seen  also  that  all  tbe  poles,  or  normal 
|)oiiU8.  oF  Faces  in  the  same  time,  ihiit  is. 
faces  whose  iuieraectioc'lines  arc  parallel, 
aie  In  tlic  same  great  circle,  fm-  iiisiauce 
JimO).  D(im.  A  (100),  ff(llO).  an<i  boou. 
Ii  is  cuslomiiry  in  ihe  use  of  Hie  sphere 
to  reganl  It  as  projected  upon  n  horizontal 
piniie,  luiially  that  nniinii1-li>  the  prismatic 
zone,  so  lliat.  ns  in  Fig  65.  the  poles  of  the 
prismatic  faces  He  in  tlie  circumference  of 
Arieillicziun  ''"'  circle,  uml  those  of  Ibe  other  face.' with- 

in it.  Theeyeleiug  supposed  to  liCKiiuated 
U  Ibe  opposite  exiremicy  oF  ibedlnmc-ter  of  Hie  sphere  nornuillo  iliispiuiie.llie  ■rrral  circle* 
then  app«ir  either  .is  iirc   of  circles,  or  as  straiglil  lines,  ie..  ciiameters 

II  will  be  further  obvious  from  Fig.  fl4  llial  the  are  BD,  lelweon  the  poles  of  h  and  d. 
measiir  ■»  an  ingle  at  the  center  (BOD),  which  is  the  tuppUmtnt  of  the  acliial  interior  angle 
bad  bi'iween  Hi  .  iwo  faces:  ami  this  is  Inie  in  general. 

M.  CoB«mBtl«Dorthe8pharlDaIPTaJ«ation.— Sinceinlhc  method  ordinnrilv  foll.>"ed  Hie 
poles  d  ■  tile  prii  iinlic  faces  lie  in  the  circumference  oF  the  circle,  Iheir  iK»ii"ioo  is  flxfd  at 
once  \)v  Ih"  iio^le-  la  d  off.  e.g.  from  100,  with  n  protractor.  Fiirtiier.  Hie  distance*  of  tlie 
poles nf  all  faces  measured  From  Ibe  center  of  Hie  circle  (which,  when  Hie  venical  aiis  is 
-t  right  kuglei  to  tiMSe  in  tlie  lateral  plane,  is  iLe  pole  of  the  biise  001)  are  iir..pi.riii'nal  to 
t,  .-.. — ,.  ^x..,,  .,..  ._.,..  „_  5„n,p(p  ,0  construct  the  spherical  projection  of  Fig. 
mference,  from  a  po  nl  tRkeu  as  100,  tbe 


(A«  lawntt  ofhalf  lAe  angUt.     

68.  first  draw  the  circle,  and  lay  ofl  „ „ ^ 

angular  dlstaiicen  cbaraclerlatic  of  tbis  species  ("brysolite); 
am,  100  a  110  =  34' 58' 


4S*58';       06,  100  A  010  =  90*. 
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The  podtton  of  the  pole*  of  Ihe  taee*  a  (100),  tn  (110),  i  (130|.  b  (010)  are  tbus  died.  Thi 
polea  of  the  other  facet  of  these  fonna  are  obviously  fixed,  a',  m',  •',  b'.  m",  i",  m'",  «'",  bj 
the  Hymtnetry.  Again,  tu  Hud  tht 
pole  or  d  (101),  which  lies  oo  thi 
gitait  circle,  or  zouo.  a  (100),  e  (001), 
a'  (tOO)  (for  which  k^fi):  since  i 
(001)  A  d  (101)  =  51°  38*,  ibe  aiatnua 
cd  is  proportional  to  the  taugeut  ol 
1(01'  tU) }  or  35°  V6\'.  that  is,  0.4SS  ol 
the  radius  ea.  Similarly  for  ft  (Oil 
and  k  (021)  on  tbe  zoue-circle  e  (OOIl 
b  (010),  since  eh  (001  a  Oil)  =  W  m 
and  ck  (001  A  031)  =  49°  83".  the  di». 
tances  are  propurtionnl  lo  tbe  tangenti 
of  half  tbese  uigltH  reiipeclively.  Sc 
^M6  also  from  the  augles  m(001  a  111)  = 
54'  10'  and  cf  [001  A  131)  =  59*  BOJ' 
tbe  diBlaiices  on  the  correspondiaa 
zone-circles,  e  (001)  m  (11(3)  and  ( 
(001)  «  (130),  luay  be  determined.  In 
practice,  bowever,  these  laxt  steps  art 
UunecesBary  :  since  if  tbe  circular  art 
through  b  (010).  d  (101).  1/  (010)  it 
drawn.  It  gives  the  zone-circle  for  ^1 
the  faces  for  which  h=:t:  similarly 
that  through  a  (100).  A  (Oil),  o'  (100] 
give  tbe  zoue-circle  for  ue  planes  foi 
which  k  =  l,  while  that  through  a 
(100).*(031),a'(i00)give3l1>c  zone-circle  for  the  planes  having  ib  :=  3{.  Tbe  Inleraection- 
points  betweeu  lliese  last  arcs  and  that  flrat  drawn  fixes  tbe  positions  of  t  (ll!),/(i31}, 
each  of  which  satisfies  (he  two  relations.  Fiirtlier.  througti  these  wune  points  must  pan 
Hie  Bone^rck  e  (001),  m  (UO).  for  which  A  =  ft.  aud  e  (001),  •  (180),  for  which  k  =  2h.  tbiu 
giving  a  checl<  upon  the  nccunicy  of  tbe  worlt. 

It  la  obvious  from  tiic  ahove  expla 
the  intersection  of  either  two  of  the  11 

100.  031.  iOO        010,401,010        001,480,001. 
lu  geDeral  any  ia.cu.  Iikl,  iiitist  lie  in  Ihe  liirec  zoue-circles 

100,0*/.  100.        010,  A02.  OiO,        001,  AftO.  OOL 


41.  Anglea  between  Facw. — The  aiis;les  moat  conveniently  used  with  th< 
Miller  symbols,  and  those  given  in  this  work,  are  the  normal  angles,  thai 
is,  the  Jingles  between  the  poles  or  normals  to  the  faces,  measured  on  area  ol 
great  circles  joining  the  polea  as  shown  on  the  spherical  projection,  Tbesi 
normal  angles  are  the  supplements  of  the  actual  iuterfacial  angles,  as  has  been 
explained. 

The  relaiinns  between  these  normal  angles,  for  exnmple  in  a  given  zone,  is  much  slmplei 
than  those  existing  lietwei^u  Ihe  nclual  inicrfacinl  Hnglcit.  Tbiis  ii  Is  alwiiys  tniL'  that,  for  i 
series  of  fnces  in  Ihe  snmo  zone,  tbe  normnl  angle  lietween  two  end  fsces  is  equal  lo  the  sun 
of  the  angles  nt  faces  falling  between.  Thus  {Figs.  63.  65)  Ihe  normnl  augle  of  ab  (IW 
A010)istbcBumof  <itn(100  A  110).  ni«(110A  120),  Bnd»6{l20  a  010),  This  relation  holdi 
true  in  all  the  systems. 

Fnrlliernioie.  It  will  lie  secti  lliat,  supposing  len'  (Fig.  fib)  a  plane  of  symmetry  as  lu  th< 
orlhorhomliic svsiem,  IbeiinglelOO  a  110  or-iwiiFig.  62),  ishnlf  iliuangle  110  a  lIOi»nB»"'i 
Similarly  010  a  120  (4«)  is  balf  the  angle  120  /■  120  («»'):  again,  HW  a  HI  (i«)  is  the  rom 
plemeut  of  half  the  angle  111  A  111  (m) and  010  a  111  (i«)lbe  cotuplementof  half  tbeangli 
111  A  111  {>f") 

Here,  as  ihroiighout  Ibis  worlt,  the  sign  A  is  used  to  represent  the  angle  l>etweeD  tw( 
faces,  usually  designated  by  letters. 
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42.  TTse  of  the  Spherical  Projection  to  Exhibit  the  Symmetry. — The  sym- 
metry of  any  one  of  the  crystalline  groups  may  be  readily  exhibited  by  the  help 
of  the  spherical  projection,  following  the  notation  introduced  by  Gadelin 
<1871,  see  p.  22V 

The  axes  of  binary,  trigonal,  tetragonal,  hexagonal  symmetry  are  represented 

respectively  by  the  following  signs:  ^  A  ^  #.  Further,  a  plane  of  symmetry 
is  represented  by  a  full  line  (zone-circle)^  while  a  dotted  line  indicates  that  the 
plane  of  symmetry  is  wanting.  The  position  of  the  crystal! ographic  axes  is 
shown  by  arrows  at  the  extremities  of  the  lines.  The  pole  of  a  face  in  the 
upper  half  of  the  crystal  (above  the  plane  of  projection)  is  represented  by  a 
cross;  one  below  by  a  circle.  If  two  like  faces  fall  in  a  vertical  zone  a  double 
sign  is  used,  a  cross  within  the  circle.   Figs.  69, 1 11, 125,  etc.,  give  illustrations. 

43.  General  Relations  between  Planes  in  the  Same  Zone.—  It  may  be  demon- 
strated that  if  on  a  crystal  two  faces  P  (hkl)  and  R  {pqr)  lie  in  the  same  zone, 
then  the  folloT^ing  equation  must  hold  good  : 

utf  cos  XQ  +  yb  cos  YQ  +  wc  cos  ZQ  =  0, 

where  u  =  ir  —  ?g,        y  =  Ip  ^  hr,        w  =  hq  —  kp. 

The  letters  u,  v,  w  are  called  the  symbol  of  the  zone  or  great  circle  PR. 
Every  face  (xyz)  of  this  zone  must  satisfy  the  equation 

ux  +  yy  +  wz  =  0. 

If  now  (uvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  intersecting 
it,  then  the  point  of  intersection  will  always  be  the  pole  of  a  possible  crystal 
face.  Its  indices  {hkl)  must  obviously  satisfy  two  equations  similar  to  (1). 
These  indices  are  hence  equal  to 

/i  =  gv  —  f  w,        ^  =  ew  —  gu,        /  =  f  u  —  ev. 

The  application  of  this  principle  is  extremely  simple,  and  its  importance 

•cannot  be  overestimated. 

The  zone-symbols  can  be  always  obtained  by  arranging  the  symbols  of  the  two  faces  in 
order,  repeating  the  first  two  indices  and  then  multiplying  according  to  the  following 
•flcheme : 

h       k       I       h       k 

XXX 

p       q       r       p       g 

Hence  u  =  kr  ^  Iq;        y  =  lp-7tr;        w  =  7*^  —  A^. 

44.  Examples  of  Zoum  and  Zonal  Rolationi.— The  following  are  cases  in  which  the  zonal 

equation  is  seen  »it  once.  In  Fi^.  Si.  p.  27,  the  faces  « (100),  m{\10).  «(120),  6(010),  form 
a  vertical  zone  with  mutually  iwrallel  intersections,  since  they  are  alike  in  position  in  so  far 
as  this :  that  they  are  all  parallel  lo  the  vertical  axis ;  that  is,  for  all  facts  in  this  zone  it 
miisi  be  true  that  ^  =  0. 

Asrain.  the  face*  a  (100),  (f  (101).  c  (001)  are  in  zone,  all  l>einc  parallel  to  a  lateral  axis  h 
hence  for  them  nnd  nil  others  in  this  zone  k  =  0  Also  b  (010).  k  (021),  h  (Oil),  e  (001)  are 
in  a  7XMU'.  all  Ik'Th^  parallc   to  the  axis  //,  po  thnt  A  =  0.  _ 

Also  the  fa;t's  r  (121).  <?(111).  (t  (lOi),  <?"' (111)./"  (121)  are  in  a  zone,  since  they  have  a 
common  ratio  foi  th:  axes  n  :  c      Willi  them,  obviously,  h  =  I. 

The  faces  c  {\\i\)   e  (111),  m  (110)  are  also  in  a  zone,  and  apain  e  (001),  /(121).  s  (120), 

thouffh  intersecii'riif!  do  not  happen  to  be  made  between  r  and  e  in  the  one  case,  and  e  and 

/in  the  other.     I  V.r  each  of  these  zones  it  is  true  that  there  is  a  common  ratio  of  the  lateral 

axes,  that  is.  of  \  to  k  in  the  symbols.     For  the  first  it  may  be  shown  that  h  =  k;  for  the 

isecoDd,  that  2h'.z  k 
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:e  from  the  above  scheme.    For  emunple, 


a  =  2, 


Y  =  l        w  =  0: 


-t  =  0,  0 


U  =  k. 


The  symbol  ot  a  face  lying  at  ooce  in  two  zones,  as  sliited  above,  musl  satisfy  tbe  zonal 
equation  of  each ;  these  symlMia  are  hence  eiiaily  obiulned  either  liy  combiuiug  the  equa- 
liouB  or  by  a  sclieine  of  mulilplicatinu  like  ilmt  given  above. 

For  example,  in  Fig.  60.  of  sulphur,  the  taceleticvcd  x  la  Id  ibe  zone  (1)  wjih  6  (OlO)  and 
s  {IVi).  also  in  zone  (2)  with  p  (111)  aud  n  (Oil).    These  zuaes  give.  roHpc-ciivL-ly  : 


(1)     0 


1 


(8)     I 


1 


.XXX. 


u  =  8,    v  =  0.    w  =  i.  6  =  0.   f=l    s  =  i- 

Hence  for  (1)  llie  zonxl  cqualinn  isSAsJ;  for(2)jt={.     Com- 
bining these.  VIC  obtain  h  =  l.  k  =  Z.  l  —  d. 
Tihc  Bjmbol  o(  the  face  x  is,  therefore,  138. 
.The  aimie  result  is  given  by  mulliplyiDi;  the  zonal  indices  Oil, 
801,  together  after  the  same  method,  luua: 


i 


i 


Thia  method  of  calculation  belongs  lo  all  ihe  different  t^^stems.  In  the  hexagonal 
Byitem,  In  which  there  are  four  iiidice-,  o;ie  of  the  three  referring  lo  llie  lateral  axes  (usu- 
ally the  third)  is  omitted  when  the  zomil  lelaliouu  are  applied.     Ixe  Art.  160. 

46.  Methods  of  Calonlation. — Id  general  the  angles  between  the  poles  can  be 
calculated  by  the  methods  of  Ephericiil  trisonoinetry  fi'oin  the  triangles  shown 
in  the  sphere  of  projection  (Fig.  G5)— which  for  the  most  part  are  right- 
angled.  Certain  fundamental  relations  connect  the  axes  with  the  elemental 
anglcB  of  the  projection  ;  the  most  important  of  these  are  given  under  the 
individiia!  systems.     Some  general  relations  only  are  explained  here. 

46.  Relation  between  the  Indioec  of  a  Plane  and  the  An^le  made  by  it  with 
the  Azes.^^Vheit  the  assunied  axes  are  at  riglit  angles  to  each  other  they  coin- 
cide with  the  normals  to  the  piiiacoid  faces  (100, 
010,  001),  and   consequently  meet  the  spherical  67. 

surface  iit  their  poles.  When  the  aiial  angles  are 
not  90°,  this  ia  no  longer  true.  In  all  cases,  how- 
ever, Che  following  relation  holds  good  between  the 
cosines  of  the  angles  made  by  a  plane,  HEL,  with 
the  a 


PX;     -^  =  cos  PY;     ^  =  cos  PZ. 
Thia  is  equivalent  to 


Op  ^^       Op 


1  T,.-  <■ 


.PY  =  |c 


.  PZ. 
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This  equation  is  fnndamenta],  and  several  of  the  relations  given  beyond  are 
deduced  from  it. 

Tlie  most  useful  npplicntion  is  that  wlieu  tbe  axial  angles  are  90**;  then  X.  T,  Z  are  the 
poles  of  lOU,  010,  001,  respectively.  Also  if  the  plaue  HKL  is  takeu  as  a  face  of  the  unit 
pyraciiil,  that  is,  if  its  iutercepts  on  the  axes  are  takeu  as  the  unit  lengths 

OH  =  a,        OK  =  6,        OL  =  c. 

Then  the  Hues  HK,  HL,  KL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
the  three  axial  planes,  and  their  poles  are  hence  at  the  points  Hxed  by  normals  lo  these 
lines  drawn  from  O.  It  will  be  obvious  from  this  figure,  then,  that  the  following  lelationa 
hold  true : 

tan  (100  a  110)  =  -^; 

tan  (001  A  101)  =  -; 

tan  (001  A  Oil)  =  -|. 

These  values  are  often  used  later. 

47.  Cotangent  and  Tangent  Eelations. — If  the  angles  between  the  poles  of 

three  faces  in  a  zone  are  known,  the  angle  between  any  one  of  them  and  the 

pole  of  a  fourth  face  can  be  calculated  by  a  formula  called  the  cotangent  for- 

mnla.    Conversely,  if  the  angular  position  of  this  fourth  face  is  given,  the  ratio 

of  its  indices  can  be  calculated. 

Let  P.  Q,  S,  R  be  the  jxiles  of  foui  faces  in  a  zone,  taken  in  such  an  order*  thatPQ 
<  PR.  and  let  the  indicei>  of  these  face-  be  respectively  : 

P  Q  R  S 

hkl       pqr        vvxJD        xyz 
Then  it  may  be  proved  that 

58  cot  PS  ^^^oiV  R  __  (P.Q )     (S^) 

cot  PQ  -  cot  PR ""  (Q.  R)  '  (P.8)  * 

(P.Q)  __  kr  ~  Iq  __  Ip  -  hr  __  hq  -  kp 
(Q.R)  ~  quo  —  rv~  ru  —  pw"  pjD  —  qu* 

(S  R)  _  tny  —  ZD  _  zu  —  jrtD  __  xv  —  f/u 
(P  fe)  ~  kz  —  li/  "  Lr  —  hz  ~~  hy  —  kx 

If  one  of  these  fractions  reduces  to  an  indeterminate  form,  ^,  then  one  of 

the  others  must  be  takeu  in  its  plnce. 

This  formula  is  chiettv  used  in  the  monoclinic  and  triclinic  systems ;  and  some  special 
case^  lire  referred  to  under  tlie^e  systems. 

The  coUmgent  relation  becomes  much  simplified  for  a  rectangular  zone,  that  is,  a  zone 
between  a  ninacoid  nnd  a  face  in  the  zone  of  the  other  pinacoids  at  right  an>rles  to  it.  Thus 
if  Pa,  P6,  re,  Qrt,  QA,  Or  represent  respectively  the  anirles  between  two  faces  in  the  same 
rectangular  7.one,  viz.,  P  {hkl)  and  Q  (pqr)  and  ihe  pinacoids  a  (100),  ^(010),  c  (010),  the 
following  relations  hold  good  : 

h    tan  Va       k      I 

/) '  tan  Qa  ~~  q^  r* 

h        k  t»in  Vb      I 

^^  ^^   __ — .—  _  • 

p        q   tan  Q6      r* 

^_  _*  _  ^     tan  Pc 
p"   q~~  r  '  tun  Qc* 


where 


*  In  tbe  application  of  this  principle  it  is  <  ssential  that  the  planes  should  be  taken  in  the 
proper  order,  as  shown  above ;  to  accomplish  this  it  is  often  necessary  to  use  the  indices 

and  coriesponding  angles,  not  of  (MQ,  but  the  face  opposite  {hkC),  etc. 
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Aa  a  further  simplification  of  the  above  equations  for  the  case  of  prismatic  planes  hkQ 
«ad  p^t  or  domes  hOl  and  p(h'  or  Okl  and  Oqr,  between  two  piuacoid  planea»  we  have 

tan  (100  A  AAO)  _  k     p 
tan  (100  A  pqO)  ""  A     j' 

tan  (001  A  hOl)  _  h    r^ 
tan  (001  A  pOr) ""  <  *  p  * 

tan  (001  A  OifcQ      A;     r 
tan  (001  A  0^)  ""  *  '  2  * 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pris- 
matic plane  or  dome. 

The  most  common  and  important  application  of  this  tangent  principle  is  where  the 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 

% 

tan  (100  A  A^)  _  *  tan  (010  A  AAsO)  _  h 

tan  (100  A  HO)  ""  'fC     ®'     tan  (010  a  HO)  *"  k' 

tan  (001  A  /<00  _  h  tan  (001  a  OA:^  _  * 

•^  *^'  tan  (001  A  101^       V  tan  (001  a  OH) ""  T 

lihus  the  tangents  of  angles  between  the  base,  001.  and  102.  203,  802,  201,  etc.,  are 
respectively  |,  },  {,  2  times  ihe  tangent  of  the  angle  between  001  and  101.     Again,  the 


one- 


tangent  of  the  angle  100  A  120  is  twice  the  tangent  of  100  a  HO  [here  j  =  2  j,  and 

half  the  tangent  of  010  a  1 10 

48.  Formulas  for  Bpherieal  Triangles. —For  convenience,  some  of  the  more  important 
formulas  for  the  solution  of  spherical  triangles  are  here  added. 

In  right-angled  spherical  triangles  C  •=■  W. 


,     ^       sin  a 

sin  ^  =  -; — r, 

sm  h* 

1     z>     8io  6 
sin  B  =  -7— T, 

sin  A 

.      tan  b 
tan  K 

„     tana 
tan  A 

^      .       tan  a 
«»»  ^  =  sin  V 

•      D     tan  6 
^°^=sina' 

.     .      COS  B 

COS  b 

sin  5  =  ^^. 
cos  a' 

COS  A 

ss  cos  a  cos  5. 

cosA 

=  cot  il  cot  B, 

Iff  hhHqnftiiiglfld  spherical  triangles  familiar  relations  are  as  follows  s 

(1)  sin  ^  :  sin  P  =  sin  a  :  sin  6"; 

(2)  cos  a  =  cos  b  cos  c  -f-  si"  ^  sin  c  cos  A  ; 

(3)  cot  6  sin  c  =  cos  c  cos  ^  -f-  sin  ^4  cot  B  \ 

(4)  cos  il  =  —  cos  B  cos  (7+  sin  B  sin  C  cos  a. 

In  calculation  It  is  often  more  convenient  to  use.  instead  of  the  latter  formulas,  those 
especinlly  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  devoted 
to  mathematical  formulas. 


L  ISOMETRIC  SYSTEM. 

49.  The  Isohbtbic  System  embracea  all  tbe  formB  Thich  &re  referred  to 
three  equal  axes  at  right  angles  to  -each  other.  Each  of  these  axes  is  designated 
by  the  letter  a. 

There  are  fire  groups  here  included,  of  which  tbe  normal  group,*  posseasing 
the  highest  degree  of  symmetry  for  the  system  and,  indeed,  for  all  crystals,  is 
by  far  the  most  important.  Two  of  tbe  other  groups,  tbe  pyritobedral  aad 
tetrahedral  groups,  also  have  numerous  representatives  among  minerals. 

1.  NORMAL  GROUP  (1).  GALENA  TYPE. 

50.  Bymmetry. — Of  each  of  the  types  of  solids  enumerated  in  the  following 
table,  as  belonging  to  this  group,  as  of  all  their  combinations,  it  is  true  t  that 
there  are  three  lile  principal  planes  of  symmetry,  whose  intersections  fix  the 
position  of  the  crystallograpbic  axes  (see  Fig.  12,  p.  9).  There  are  also  six 
-other  auxiliary  planes  of  symmetry  ;  these  are  situated  diagonally  to  the  others, 
«ach  two  equally  inclined  (45°)  to  tbe  adjacent  planes  of  chief  symmetry,  that 
is,  to  tbe  axial  planes. 

Fnrtber,  the  crystals  of  this  group  have  three  principal  axes  of  tetragonal 
symmetry,  the  cubic  or  crystallograpbic  axes  ;  four  axes  of  trigonal  symmetry, 
the  octahedral  axes  ;  six  axes  of  binary  svmmetry,  the  dodecabedral  axes  (see 
Art.  16,  also  the  following  paragraph).  'Dhese  axes  are  shown  in  Figs.  17, 18, 
19,  p.  10. 

Tbe  accompanying  spherical  projection  (Fig.  69),  constructed  in  accordance 
vitb  tbe  principles  explained  in  Art.  42,  shows  tbe  S9. 

distribution  of  the  faces  of  tbe  general  form,  hhl, 
and  hence  represents  clearly  tbe  symmetry  of  tbe 
"roup.     Compare  also  tbe  projection  given  later, 
ig.  110,  p.  41. 

51.  Forms. — The  various  possible  forms  belong- 
ing to  this  group,  and  possessing  the  symmetry 
<lenned,  may  be  grouped  underseven  types  of  solids,  a 
These  are  enumerated  in  the  following  table,  com- 
mencing with  the  most  eimple.  The  symbols  are 
given  in  accordance  with  both  tbe  systems  of  Miller 
•nd  Nsnmann ;  also  tbe  full  expression  showing  tbe 
general  position  of  tbe  planes  with  relation  to  the 
axes.  'Ihe  last,  however,  are  reduced  to  the  form, 
corresponding  to  (3)  in  Art.  31,  which  shows  how  the  Naumann  symbols  are 
derived. 

*  It  is  sailed  normal,  a«  before  alnled,  since  il  is  the  moat  commou  nnd  hence  by  fur  the 
-tnoRl  imporWni  (pt>up  umier  tht  BVMem  :  also,  more  fund  a  men  tally,  becatise  tlie  forms  here 
fucludcd  po«8e8a  the  hlffbest  grade  or  symmetry  possible  in  the  syatem.  There  are  five 
forms  Id  ihia  Byslem,  each  geometrically  a  ciihe,  hut  only  thai  of  this  normal  jtroup  actual ly 
has  tbe  full  symmt-try  as  reganis  molecular  structure  whitli  its  geometrical  shape  suBgeata. 
If  a  crystal  is  said  to  beloog  to  the  isometric  system,  without  further  qiialifl cation,  it  is  to 
be  understood  that  it  te  included  here.  Similar  remarks  a[>ply  to  the  normal  grou)*  of  tho 
oiber  systems. 

f  The  symmetry  of  the  normal  groups  of  the  diflerent  ayfltenia  has  been  already  brleflv 
«xplaiii«d  jD  Art.  U. 
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Miller.  Kftumann. 

1.  Cube (100)  a :  CO  d  :  00  a  et>  0-x,  or  t-t 

2.  Octahedron (Ill)  a: a -.a  0  or  1 

3.  Dodecahedron (HtJ)  a:a  :  ooa  'n  0  or  i 

4.  Tetrabezahedron (hkO)  a :  nn  :  oo  a  <xiO>i  or  t'-n 

as,  (310)  t-3;  (210)  (-2;  (HO)  i-j,  etc 

6.  Triaoctahedron (Ii/t!)        a:a:ma  mO or  m 

iia,  (331)  3;  (3^1)  2;  (332)  j,  etc 

6.  Trapezohedron (It/l)  a  :  vin  :  ma  mOm  or  vi-m 

as,  (311)  3-3;  (211)  2-2;  (332)  j-J,  etc. 

7.  Hezoctabedrori (hkl)        a:na:  ma  m  On  or  m-n 

as,  (431)  4-2;  (321)  Z-\,  etc. 
Id  Ihe  geueral  eiprcssioD  of  MUKt'b  eyinbolE,  h>  k>  I.   Id  those  of  NitiiniaDii.  »t  >  1, 
AttemiuD  is  called  to  Ihe  leiters  uni Foimly  iiaed  iu  this  work  ant]  Id  Daoa's  System  of 
UiDuratogf  (IHSS)  to  designate  certaiu  of  Ihe  isometrii;  forms.*    They  arc : 

Cube:  '1. 

Octahedron :  o. 

Dodecahedron :  d. 

Telrahexahednms:  <  =  210,  f-3;   /=3l0,i-ai    y  =  8?0.i.|;    &  =  4I0,M. 

Tri30Ci..liedrous:  p  =  a31,  3;    ?  =  38!.3;    r  =  3S2.|       ,0  =  441,4, 

Trnpezohedroiis:  m  =  3n,  3-3;     h  =  211,2-2;    /J  =  83i,  |-|. 

HexcMilolit-drous;    »  =  321.  8-| ;    (  =  431.4-2. 

62.  Cube. — The  cube,  whose  general  symbol  is  (100),  ia  shown  in  Fig.  70. 
It  is  twuiided  by  six  similar  faces,  each  panillel  to  two  of  the  axes.  Eacli  face 
is  a  square,  and  the  interfiiclal  angles  arc  all  90".  The  faces  of  the  cube  are 
parallel  to  the  principal  or  anial  planes  of  syninietrj'.  Tlie  lines  joining  the 
Opposite  solid  angles  of  the  cnbe  ai'e  called  the  octahedral  or  trigonal  inter- 
axes  ;  those  joining  the  midille  points  of  opposite  edges  are  the  dodecahedral 
interuxes  (see  Figs,  IT,  IS,  p.  10). 

58.  Octahedron, — The  octahedron,  shown  in  Fig.  71,  has  the  general  symbol 

(111).    It  is  bounded  by  eight  similar  faces,  each  meeting  the  three  axes  at 

70. 


,.--'            ,001 

^^ 

010 

" 

^-'' 

--^ 

eoual  distances.    Each  face  is  an  eqnilnteral  triangle  with  plane  angles  of  60*. 
The  normal  interfacial  angle,  (111  A  Ul),  is  70'  31'  44". 

64.  Dodeoahedron.^The  rhombic  dodecahedron,  shown  in  Fig.  72.  has  the 
general  symbol  (UO).    It  is  bonnded  by  twelve  faces,  each  of  which  meets  two 

*  Tbe  ussge  followed  here  (as  also  Id  the  other  systems)  Is  ia  most  casea  that  of  Hitler 
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of  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis.  Each  face  is  a 
rhomb  with  plane  angles  of  70^°  and  lOQi"*.  The  real  or  interior  interfacial  angle 
is  120^9  or  the  angle  between  two  adjacent  poles,  that  is,  the  normal  interfacial 
angle,  is  GO*'.  Tiie  faces  of  the  dodecahedron  are  parallel  to  the  six  auxiliary, 
or  diagonal,  phmes  of  synnnetry. 

It  will  be  remembered  that,  while  the  forms  described  are  designated  re- 
spectively by  the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the 
forms  has  its  own  symbol.     Thus  for  tlie  cube  the  six  faces  have  the  symbols 

100,    010,     001,     100,    OlO,     OOl. 
For  the  octahedron  the  symbols  of  the  eight  faces  are  : 

Above  HI,    ill,    ill,     111; 
Below  111,    ill.    III,    111. 

For  the  dodecahedron,  the  symbols  of  the  twelve  faces  are  : 

110,  iio,  iio,  lio, 
101,  loi,  lol,  loi, 
on,   oil,   oil,   oii. 

These  should  be  carefully  studied  with  reference  to  the  figures  (and  to 
models),  and  also  to  the  spherical  projection  (Fig.  110).  The  student  should 
become  thoroughly  familiar  with  these  individual  symbols  and  the  relations  to 
the  axes  which  they  express,  so  that  he  can  give  at  once  the  symbol  of  any  face 
required. 

66.  Combinations  of  the  Cube,  Octahedron,  and  Dodecahedron.— Figs.  73, 74, 
75  represent  combinations  of  the  cube  and  octahedron  ;  Figs.  76,  79,  of  the 
cube  and  dodecahedron  ;  Figs.  77,  78,  of  the  octahedron  and  dodecahedron  ; 
finally.  Figs.  80, 81  show  combinations  of  the  three  forms.    The  predominating 


73. 


74. 


76. 


o  a 


form,  as  the  cube  in  Fig.  73,  the  octahedron  in  Fig  75,  etc.,  is  usually  said  to 
be  modified  by  the  faces  of  the  other  forms.  In  Fig.  74  the  cube  and  octa- 
hedron are  said  to  be  ''in  equilibrium,^^  since  the  faces  of  the  octahedron  meet 
at  the  middle  points  of  the  edges  of  the  cube. 

It  should  be  carefully  noticed,  further,  that  the  octahedral  faces  replace 
the  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adjacent 
cubic  faces,  as  shown  in  Fig.  73.  Again,  the  square  cubic  faces  replace  the  six 
solid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent  octahe- 
dral faces  (Fig.  75).    The  faces  of  the  dodecahedron  truncate*  the  twelve 


*  The  words  truneaU,  truncation,  are  used  only  when  the  modifying  face  makes  equal 
angles  with  the  adjacent  similar  faces. 
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similar  edges  of  the  cube,  as  shown  in  Fig.  79.  They  also  truncate  the  twelve 
edges  of  the  octahedron  (Fiff.  77).  Further,  in  Fig.  76  the  cubic  faces  replace- 
the  Mix  rotrahedral  solid  angles  of  the  dodecahedron,  while  the  octahedral  face» 
replace  its  eight  trihedral  solid  angles  (Fig.  78). 

76.  77.  7e. 


79. 


80 


81* 


^^^^ 


U>::r:r. 


^ 


The  normal  interfacial  angles  for  adjacent  faces  are  as  follows  : 

Cube  on  octahedron,  ao,  100  A  111  =  54**  44'  8". 

Cube  on  dodecahedron,  ad,  100  A  110  =  45°    0'  0". 

Octahedron  on  dodecahedron,  orf,  111  A  HO  =  35°  15'  52". 

66.   As  explained  in  Art.   18,   actual   crysinls  always  deviate  more  or   less  wideVf 
from   the  ideal  solids  figured,  in  coni'equeDce  of  the  unequal  development  of  like  fnoea. 
Such  crystals,  therefore,  do  not  satisfy  the  geometrical  definition  of  right  symmetry  rela- 
tively to  the  three  principal  and  the  six  auxiliary  planes  mentioned  on  p.  33.  but  they  do 
confotm  to  the  conditions  of  crystallographic  symmetry,  requiring  like  angular  position  for 
similar  faces.    Again,  it  will  be  noted  that  in  a  combination  form  many  of  the  faces  do  not 
actually  meet  the  axes  witliin  th^  crystal,  as,  for  example,  the  octahedral  face  o  in  Fig.  78. 
It  is  still  true,  ho^wever,  that  this  face  would  meet  the  axes  at  equal  distances  if  produced; 
and  since  the  axiaX  ratio  is  the  essential  point  in  the  case  of  eacli  form,  and  the  actual- 
lengths  of  the  axes  are  of  no  importance,  it  is  not  necesftiry  that  the  faces  of  the  different 
formsi  n  a  crystal  should  be  referred  to  the  same  actual  nxial  length?.     The  above  remarks- 
will  be  seen  to  apply  also  to  all  the  other  forms  and  combinations  of  forms  described  in  the 
pages  following. 

67.  Tetrahexahedron  — The  tetrahexahedron  (Figs.  82,  83,  84)  is  bounded 
by  twenty-four  faces,  each  of  which  is  an  isosceles  triangle.  Four  of  these 
faces  together  occupy  the  position  of  one  face  of  tlie  cube  (hexahedron)  whence 
the  name  commonly  applied  to  this  form.  The  general  symbol  is  {hkO), 
hence  each  face  is  parallel  to  one  of  the  axes  while  it  meets  the  other  two  axes 
at  unequal  distances.  There  are  two  kinds  of  edges,  lettered  A  and  C  in  Fig. 
82  :  the  interfacial  angle  of  either  edge  is  sufficient  to  determine  the  symbol 
of  a  given  form  (see  below).  The  angles  of  some  of  the  common  forms  ar^ 
given  on  a  later  page  (p.  42). 
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There  may  be  an  itidefiiiite  number  of  tetrabezahedrons,  as  the  ratio  of  tbo 
intercepts  of  the  two  axes,  aud  hence  of  h  to  k  varies ;  for  example,  (410), 
(310),  (210),  (320),  etc.  The  form  (aiO^  is  shown  in  Fig.  82  ;  (410)  id  Fig.  83, 
and  (530)  in  Fig.  S4.  All  the  tetrahezanedrons  fall  in  a  zone  with  a  cubic  face 
and  a  dodecahedral  face.    Ab  A  increases  relatively  to  k  the  form  approaches 


the  cube  (in  which  A  ;  it  =  «e  :  1  or  1 : 0),  while  as  it  diminiabes  and  becomes 
more  and  more  nearly  equal  to  k  in  value  it  ap^oaches  toward  the  dodec&> 
hedroD  ;  for  which  A  =  i.  Compare  Fig.  83  and  Fig.  84;  also  Fig.  110.  The 
special  symbols  belonging  to  each  face  of  the  tetrabezahedron  should  be  care* 
fall;  noted. 


The  faces  of  the  tetrabezahedron  bevel  *  the  twelve  similar  edges  of  th» 
cube,  as  ill  Fig.  85;  they  replace  the  solid  angles  of  the  octahedron  by  four 
faces  inclined  on  the  edges  (Fig.  8C),  and  also  the  tetrshedral  solid  angles  of 
the  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig,  87). 

58.  Triuctahedron. — The  trisoctahedron  (Fig.  88),  or,  more  definitely,  the 
trigonal  trisoctahedron,  is  bounded  by  twenty-four  similar  faces;  each  of  these 
is  an  isosceles  triangle,  and  three  together  occupy  the  position  of  an  octahedral 
.  face,  whence  the  common  name.  Further,  to  distinguish  it  from  the  trapezo- 
bedron  or  tetragonal  trisoctahedron,  it  is  sometimes  called  the  trigonal  trisocta- 
hedron. There  are  two  kinds  of  edges,  lettered  A  and  B  in  Fig.  88,  and  the 
interfacial  angle  corresponding  to  either  is  sufficient  for  the  determination  of 
the  special  symbol. 

e  the  edge  of  a  fonn  and  Lence  are- 
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The  general  symbol  is  (Jihl) ;  common  forms  are  (221),  (331),  etc.     Bach 

88.  89.  90. 


Galena. 


91. 


face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  unity 

and  the  third  at  the  unit  length,  or  (which  is  an  identical 

expression  *)  it  meets  two  of  the  axes  at  the  unit  length 

and  the  third  at  a  distance  greater  than  unity.     The 

symbols  belonging  to  each  face  should  be  carefully  noted. 

The  normal  interfacial  angles  for  some  of   the   more 

common  forms  are  given  on  a  later  page. 

69.  Trapezohedron. — The  trapezohedron  f  (Figs.  92, 
93)  is  bounded  by  twenty-four  similar  faces,  each  of  them  a 
quadrilateral  or  trapezium.  It  also  bears  in  appearance  a 
certain  relation  to  the  octahedron,  whence  the  name,  some- 
times employed,  of  tetragonal  trisoctahedron.  There  are 
two  kinds  of  edges,  lettered  B  and  C,  in  Fig.  92.  The 
general  symbol  is  hll;  common  forms  are  (311),  (211),  (322),  etc.  Of  the  faces, 
each  cuts  an  axis  at  a  distance  less  than  unity,  and  the  other  two  at  the  unit 
length,  or  (again,  an  identical  expression)  one  of  them  intersects  an  axis  at  the 


Galena. 


92. 


93. 


94. 


a 

a  m 


Analcfte. 

unit  length  and  the  other  two  at  distances  greater  than  unity.     The  symbols 
belonging  to  each  face  should  be  carefully  noted.    The  normal  interfacial 

*  Since  ia:\b:\€=zla:lb:2e.  The  student  should  read  again  carefully  the  explana- 
tions in  Art.  S4. 

t  It  will  be  seen  later  that  the  name  trapezohedron  is  also  given  to  other  solids  whose 
faces  are  trapeziums,  conspicuously  to  the  tetragonal  trapezohedron  and  the  trigonal 
trapezohedron. 
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angles  for  some  of  the  common  forms  are  given  on  a  later  page.    Another  name 
for  this  form  is  icosi tetrahedron. 

60.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc.,  should 
be  carefully  studied.  It  will  be  seen  (Fig^  89)  that  the  faces  of  the  trisocta- 
hedron  replace  the  solid  angles  of  the  cube  as  three  faces  equally  inclined  on 
the  edges.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
eqoidly  inclined  to  the  cxihio  faces  (Fig.  94). 


96. 


96. 


97. 


Analdte. 
98. 


Garnet. 
100. 


SpineL 


Magnetile. 


Amalgnm. 


Again,  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron 
(Fig.  90,  also  Fig  91,  with  jt?  (221)  and  u  (554) ),  while  those  of  the  trapezo- 
hedron are  triangles  inclined  to  the  faces  at  the  extremities  of  the  c»ibic  axes 
(Fig.  98)  Still  again,  the  faces  of  the  trapezohedron  (211)  truncate  (he  edges 
of  the  dodecahedron  (HO),  as  shown  in  Fig.  97;  tliis  can  be  proved  to  follow 
at  once  from  the  zonal  relations  (Arts.  43,  44),  of.  also  Fig.  110.  The  position 
of  the  faces  of  the  form  (311),  in  combination  with  o,  is  shown  in  Fip  93;  with 
d  in  Fig.  99.  Fig.  100  shows  both  the  trisoctahedron  p  (221)  and  the  ti'ipezo- 
hedron  n  (211)  with  a,  o,  and  d. 

It  should  be  added  that  the  trapezohedron  n  (211)  is  a  common  ferm  both 
alone  and  in  combination;  m  (311)  is  common  in  combination.  The  trisocta- 
hedron alone  is  rarely  met  with,  though  in  combination  (Fi^rs.  90..  91,  100)  it 
is  not  uncommon. 

81.  HsxoctahedroD. — The  hexoctahedron,  Figs.  101, 102,  is  the  general  forro 
in  this  system  ;  it  is  bounded  by  forty-eight  similar  faces,  each  of  which  is  a 
scalene  triangle,  and  each  intersects  the  three  axes  at  unequal  distances.  The 
general  symbol  is  (hkl)\  common  forms  are  (321).  shown  in  Fig.  101.  and 
(421),  in  Fig.  102.  The  symbols  of  the  individual  faces,  as  shown  in  Fiff>  101 
and  more  fully  in  the  projection  (Fig.  110),  should  be  carefully  studied. 
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The  hexootahedron  bu  three  kinds  of  edges  lettered  A,  B,  C  (longer, 
middle,  ehorter)  in  Fig.  102 ;  the  angles  of  two  of  these  edges  are  needed  to  fix 
the  symbol  unless  the  zonal  relatione  can  be  made  use  of.  In  Fig.  104  th« 
faces  of  the  hexootahedron  bevel  the  dodecahedral  edges,  and  bence  for  thi» 


Gold. 


fo»r«  h  =  k-\-l;  the  form  9  has  the  special  symbol  ^321).  The  bexocta- 
bboron  alone  is  a  very  rare  form,  but  it  is  seen  in  combination  vitb  the  cnb& 
(Fig,  103,  fluorite)  as  six  small  faces  replacing  each  solid  angle.  Fig.  104  ic 
common  with  garnet;  Fig.  105  shows  a  combination  observed  in  native  copper 
(y  =  18  ■  10  •  5),  and  Fig.  106  with  native  gold  {x  =  18  ■  10  •  1).  The  angles, 
of  some  common  bexoclAhedroDS  are  given  on  p.  43. 


107. 


lOB. 


109. 


62.  Some  further  ei 
)9.    In  Fig.  107,  f  i 


imples  of  isometric  forms  are  given  in  Figs.  107,  108, 
the  trapezohedron   (73^);    C  is  the  hexoctabedrot> 
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(64 '  63  ■  1),  this  last  beine  called  a  vicinal  form,  since  it  deviates  but  slightly  in 
unguliu-  position  from  tlie  simple  form  ordinarily  occurring  {d,  110):  heiice 
the  complex  indices.  In  Fig.  108,  v  is  the  hexoctabedron  (531).  In  Fig.  109, 
m  —  (311),^  =  (221),  etc. 

63.  PMudo-symmetry  in  the  lumetrio  System. — Isometric  forms,  by  develop- 
ment ill  the  direcuoii  of  one  of  the  cubic  axes,  simulate  tetragonal  forms. 
More  common,  and  of  greater  interest,  are  forms  simulating  those  of 
-hombohedral  symmetry  by  extension,  or  flattening,  in  the  direction  of  an 
octahedral  axis.  Both  these  cases  are  illustrated  later.  Conversely,  certain 
rhombohedral  forms  reaenible  an  isometric  octahedron  in  angle  and  complex 
twinning. 

64.  Spherieal  Projeotion.— The  spherical  projection.  Fig.  110,  shows  the 


positions  of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (111),  and 
dodecahedron  (110);  also  the  tetrahcxahedron  (210),  the  trisoctahedron  (221), 
the  trapezohedron  (211),  and  the  hexocbihedron  (321). 

The  atuiU-iit  »lioiilii  sliidy  lliii  pTniecHon  cnrefullv.  imling  IIip  Bymiiietry  marked  by  Ihe 
Eoiie-circlc"  lOG.  001,  100,  aiirl  100,  010.  100 ;  hIso  by  110.  001.  ilO:  110.  001.  110  ;  010.  lOl, 
010;  010,  iOl,  Oln.  Nole  fun  her  Unit  tlii-  fiices  of  ii  gfven  form  lire  symmetrically  dislrib- 
bled  about  a  cubli:  face,  ng  001  :  a  (l<<decHheilrid  face,  as  101 ;  nn  octaliedral  face,  as  111. 

Note  fiirtber  the  aymbola  llial  belong  to  tlie  ladlviduai  faces  of  eacll  form,  cumpnriog 
Itae  proJeclioD  wllb  tbe  figures  nhlch  precede. 
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Fiuallj,  note  tbe  prominent  won&M  of  planet;  for  example,  the  zone  between  two  cul 
faces  including  a  dodeoibcdral  face  and  the  faces  of  all  possible  tetrabexabedruud.  Agal 
tbe  zones  from  a  cubic  face  (as  001)  tbrougli  an  oclabedial  face  (us  111)  ptis:iiug  tbrougb  ti 
trisoctalicdrons.  as  118.  112.  228.  and  tbe  irapezoiiedrons  882,  221,  881.  etc.  Also  the  zo 
from  one  dodecahedrai  face,  as  110,  to  another,  as  101,  passing  tbrougb  821.  211,  ;»12,  el 
At  the  same  time  compare  these  zones  with  the  same  zones  shown  on  tbe  figures  alreM 
described. 

66.  Angles  of  Common  Isometric  Forms.* 
Fbtrahexahedroms. 


Edge  A 

EdgeC 

Angle  on 

Angle  on 

Cf.  Pig.  82. 

210  A  201,  etc    210  A  120.  etc. 

a  (100,  i-t) 

oillhl) 

410,  M 

« 

19    46 

61    66} 

14      2} 

45 

88} 

810.  ^8 

25    50} 

63    17} 

18    26 

48 

5} 

520.  i4 

80    27 

46    28} 

21    48 

41 

22 

210.  t*  2 

86    52} 

86    62} 

26    34 

89 

14 

530.  »4 

42    40 

28      4} 

80    67} 

87 

37 

820.1-1 

46    11} 

22    87} 

83    41} 

36 

48} 

480.  f-l 

50    121. 

16    16} 

86    52} 

86 

4} 

540.  i-f 

52    25} 

12    40} 

88    89} 

85 

45} 

Tbiboctaukdrons. 

• 

Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf.  Fig.  88. 

221  A  212,  etc    221  a  22i,  etc 

a  (100,  U) 

0  (111,  1) 

882.1 

17    20} 

50    28} 

60    14} 

10 

14 

221.  2 

27    16 

88    56) 

48    11 

15 

47} 

552,1 

33    83} 

81    85} 

47      7} 

. 

19 

28} 

881.8 

87    61} 

26    81} 

46    80} 

22 

0 

772.} 

40    69 

22    50} 

46      7} 

23 

60} 

441,4 

43    20} 

20      2} 

45    52 

25 

1*J 

Tbapezohbdronb. 

• 

EdgeB 

Edge  C 

Angle  on 

Angle  on 

Cf.  Fig.  92. 

211  A  211,  etc 

.    211  A  121.  etc 

o  (100.  i'i) 

o{in.l) 

411.4.4 

27    16 

60      0 

19    28} 

86 

15| 

722.  a 

80    48} 

55    50} 

22      0 

82 

44 

811.  8^8 

85      6} 

50    28} 

25    14} 

29 

29} 

522.  ft 

40    45 

43    20} 

29    29} 

25 

1*1 

211.  2-2 

48    11} 

83    88} 

85    15} 

19 

28^ 

322.  M 

5S      2 

19    45 

43    18} 

11 

m 

Hexoctaiiedrons 

Edpe  A 

EdgeB 

EdgeC 

Angle  on 

Angle  0 

Cf.  Fig.  102.       32] 

I  A 

812,  etc  821  a 

821.  etc  821  a 

331.  etc      a  (100.  i-t) 

0(111,: 

421.  42 

17 

45} 

25 

121 

85 

57 

29 

12} 

28     t 

18-10-5,  V-I 

19 

12} 

27 

17} 

80 

58 

81 

50} 

25    m 

18-10-1,  18-1 

85 

57} 

5 

33} 

81 

51} 

29 

10} 

86   41 

531,  5-J 

27 

39} 

19 

27} 

27 

39i 

82 

18} 

28   81 

821,  8  1 

21 

47} 

81 

0} 

21 

47i 

86 

42 

22    IS 

432.24 

15 

5} 

43 

361 

15 

5} 

42 

If 

15    U 

481.  4-1 

82 

12} 

22 

87} 

15 

56} 

38 

19} 

25     4 

A  fuller  list  is  given  in  the  Introduction  to  Dana's  System  of  Mineralogy,  pp.  zx-xtU 
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8.  PYRITOHEDRAL  GROITP  (2).     PYRITE  TYPE. 

66.  Typical  Pormt  and  Symmetry. — The  typical  forms  of  the  pyvitohedm 
group  are  the  pyntohedron,  or  pentagonal  dodecahedron,  Figu.  112,  113, 
and  the  diploid,  or  dyakis-dodecaheoron.  Fig.  118.  The  Bymnietry  of 
these  forme,  as  of  the  gronp  as  a  whole,  is  as  follows:   There  are  but  three 

111,  planes  of  symmetry;    these  are  parallel  to  the 

cubic  faces  and  coincide  with  tlie  planes  of  the 
cubic  axes.  The  three  crystal  I  ographiu  axes  are 
axes  of  binary  symmetry  only;  there  are  also 
four  axes  of  trigonal  symmetry  coinciding  with 
the  octahedral  axes.  ^ 

The  spherical  projection  in  Fig.  Ill  shows 
the  distribution  of  the  faces  of  the  general 
form  {hkl)  and  thus  exhibits  the  symmetry  of 
the  gronp.  This  should  be  carefully  compared 
with  the  corresponding  projection  (Fig,  69)  for 
the  normal  group,  so  that  the  lower  grade  ot 
symmetry  here  present  be  thoroughly  understood. 
In  studying  the  forms  described  and  illustrated 
in  the  following  pagep,  this  matter  of  symmetry,  especially  in  relation  to  that 
of  the  normal  group,  should  be  continually  before  tlie  mind. 

It  will  be  obaerved  that  the  faces  of  both  the  pyritohedron  (Fig.  112)  and 
the  diploid  (Fig.  118)  are  arranged  in  parallel  pairs,  and  on  this  account  these 
forms  have  been  sometimes  called  parallel  hvmihedrona.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  hemihedrism  call  this 
type  parallel  faced  hemihedrism  or  pentagonal  hemihedrism. 

67.  Pyritohedron.— The  pyritohedron  (Fig.  112)  is  so  named  because  it  is 
a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bonnded  by 
twelve  faces,  each  of  which  is  a  pentagon,  out  with  one  edge  {A,  Fig.  112) 
longer  than  the  other  four  similar  edges  (C).  It  is  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regnlar  dodecahedron  of 

feometry,  in  which  the  faces  are  regnlar  pentagons.      This  latter  form  i^ 
owever,  as  already  noted  (Art.  3ft),  an  impossible  form  in  crystallography. 


113. 


113. 


The  general  symbol  is  (AHt)  or  like  that  o(  the  tetrahexahedron  of  the 
normal  group.  Hence  each  face  is  parallel  to  one  of  the  axes  and  meets  the 
other  two  axes  at  unequal  distances.  Common  forms  are  (410),  (310),  (210), 
(320),  etc.    Besides  the  plus  pyritohedron,  as  (210),  there  is  also  the  comple- 
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mentary  viinvs  form*  shown  in  Fig.  113;  the  symbol  h  here  (180).  Othei 
comiiiou  forms  are  (250),  (230),  (130),  etc. 

The  plus  and  minus  pyritohedrona  together  embrace  twenty-four  faces, 
having  the  same  position  as  the  twenty-four  like  faces  of  the  tetrahezahedroi; 
of  the  normal  group. 

68.  Cotnbiiutiotu, — The  faces  of  the  pyritohedroD  replace  the  edges  of  th< 


cube,  but  make  nneqaal  angles  with  two  adjacent  cubic  faces;  on  the  othei 
hand,  when  the  pyritohedron  is  modified  by  the  cube,  its  faces  truncate  th( 
longer  edges  of  the  pentagons.     Of.  Fig.  114. 

Fig.  115  shows  the  combination  of  the  pyritohedron  and  octahedron,  ami 
in  Fig.  1 16  these  two  forms  are  equally  developed.  The  resulting  combinatioi 
bears  a  close  similarity  to  the  icosahedron,  or  regular  twenty-faced  solid 
of  geometry  (see  Art.  36).  Here,  however,  of  the  twenty  faces,  the  eigh 
octahedral  are  equilateral  triangles,  the  twelve  others  belonging  to  the  pyrit 
ohedron  are  isosceles  triangles.  Fig.  117  shows  a  number  of  pyritohedron 
with  the  cube  (a),  namely,  A  (410),  e  (210),  g  (320),  and  the  minus  fom 
K  (450). 

69.  Diploid. — The  diploid  is  bounded  by  twenty-four  similar  faces,  eacl 
meeting  the  axes  at  unequal  distances;  its  general  symbol  is  hence  {hkl),  am 
common  forms  are  (321),  (421),  etc.     The  form  (321)  is  shown  in  Fig.  118 


the  symbols  of  its  faces,  as  given,  should  be  carefully  studied.  As  seen  in  th 
figure,  the  faces  are  quadrilaterals  or  trapeziums;  moreover,  they  are  groupe" 
in  pairs,  hence  the  common  name  diploid.  It  is  also  called  a  dyakic 
dodecahedron. 
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The  complementary  minus  form  bears  to  Pig.  118  the  same  relation  as  the 
miotis  to  the  plus  pyritohedron.  Its  faces  have  the  symbols  312,  231, 123,  in 
the  front  octant,  and  similarly  with  the  proper  negative  signs  in  the  others. 
The  plus  aud  minus  forms  together  obviously  embrace  all  the  faces  of  the 
iiexoctahedron  of  the  normal  group. 

131.  133.  123. 


Pyrite. 


Pyrite. 


Pjrite. 


In  Fig.  119  the  plus  diploid  is  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  nngles.  This  combination  form 
resembles  that  of  Fifr,  89,  but  the  tliree  faces  are  here  unequally  inclined 
upon  two  adjacent  cubic  faces.  Other  combinations  of  the  diploid  with  the 
cnbe,  octahedron,  and  pyritohedron  are  given  in  Figs.  120  and  121. 

70.  Other  Forms. — If  the  pyritohedra!  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  aies,  it  is  seen  that  this  symmetry  calls  for 
«iz  of  these,  and  the  resulting  form  id  obviously  a  cube.     This  cube  cannot  be 

134.  distinguished  geomotricaljy  from  the  cube  of  the  normal 

gronp,  bnt  it  has  its  own  characteristic  molecular  sym- 
metry. Corresponding  to  this  it  is  common  to  find  ciibea 
of  pyrite  with  fine  lines  (striations)  parallel  to  the  alternate 
edges,  as  indicated  in  Fig.  124.  These  are  due  to  the 
partial  development  of  pyritohedral  faces  (210).  On  a 
normal  cnbe  such  striations,  if  present,  must  be  parallel  to 
both  sets  of  edges  on  each  cubic  face. 
Similarly  to  the  cube,  the  remaining  forms  of  this  pyritohedral  group, 
namely,  (111),  (110),  (hkl),  (hll),  have  the  same  geometrical  form,  respectively, 
na  the  octahedron,  dodecahedron,  the  trisoctahedrons  and  trapezohedrons  of 
the  normal  group.  In  molecular  structure,  however,  these  forms  are  distinct, 
each  having  the  symmetry  described  in  Art.  66. 

71.  Other  combinations  of  pyritohednil  forms  are  shown  in  Figs.  122,  123, 
both  of  the  species  pyrite.  Fig.  122  is  dodecahedral  in  habit,  with  the  diploid 
I  (421),  the  trapezohedron  n  (211),  also  n  (100).  o  (111),  e  (210).  In  Fig.  1-J3, 
a  single  angle  of  a  pvrite  crvatal  is  represented  with  a  (100),  o  (HI),  ti  (HO); 
the  two  pyritohedrons  e  (210)  and  e,  (120);  the  trisoctahedron  jn  (2iil);  the 
trapezohedrons  a  (211),  hi  (311);  the  diploids  k  (321)    H'  (Sol). 

This  species  illustrates  well  the  complexity  that  may  be  observed  among 
the  crystals  of  a  given  mineral.  Not  only  is  there  wide  variation  in  habit,  but 
the  occurring  forms  are  also  very  numerous.  Thus  some  thirty-five  pyrito- 
hedroDS  (-(-and—)  have  been  noted  and  a  like  number  of  diploids;  also 
.five  trisoctabodrouB  and  eleven  trapezohedrons. 
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7Z.  Anglet. — The  following  tables  contain  the  angles  of  some  common 
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-Biige  A 

EdgeC 
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Cr.  Fig.  112 

2tU  A  310. 

etc. 
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68 
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68 

«i 
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Diploids. 

Edge  A 
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etc. 
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22 
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3.  TETRAHEDRAL  GROUP  (3).  TETRAHEDRITE  TYPE. 

73.  Typioal  Forms  and  Symmetry. — 'I'he  typical  form  of  this  gromp,  and 
tbat  from  which  it  derives  its  name,  is  the  /c/ rn ft c/ron,  shown  in  Figs.  126, 
127-.     There  are  also  three  other  distinct  fornis,  shown  in  Figs.  133, 134,  135, 
The  symmetry  of  these  forms  is  that  which  is  characteristic  of  the  entire 
136.  group.    There  are  six  planes  of  symmetry,  parallel 

respectively  to  the  fanes  of  u  rhombic  dodeca- 
hedron, bnt  no  nlitnes  of  symmetry  ]iamllel  to  the 
cubic  faces,  'llic  three  cubic  axes  are  axes  of 
biliary  symmetry  only,  and  the  fonr  rr^tahedral 
axes  are  axes  of  trigonal  symmetry.  There  is  no 
center  of  symmetry. 
f  The  spherical  projection  fFie.  }'!'A  fhows  the 
distribntion  of  the  faces  of  the  pencial  form  {hk!) 
and  thus  exhibits  the  symmetry  of  the  (tronp. 
It  will  be  seen  at  once  that  the  like  faces  are 
all  grnupeft  in  flie,  tiUemnff  nc/it)//.*,  and  this  will 
be  seen  to  he  characteristic  of  all  the  forms 
peculiar  to  Ihis  group.  The  relation  betwuea 
the  symmetry  here  described  and  that  of  the  normal  group  uiust  be  earefnlly 
studied. 

In  distinction  from  the  pyritoheilral  forms  whose  faces  were  in  parallel 
pairs,  the  faces  of  the  tetrahedron  and  the  analogous  solids  are  inclined  to 
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each  otber,  and  hence  they  are  sometimes  spoken  of  as  inclined  hemihedrons, 
and  the  type  of  so-called  hemihedrism  here  illustrated  is  then  called  inclined 
or  tetrahedral  hemihedrism. 

74.  Tetrahedron. — The  tetrahedron,*  as  its  name  indicates,  is  a  four-faced 
solid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its  general 
symbol  is  (111),  and  the_  four  faces  of  the  plus  form  (Fig.  126)  have  the 
symbols  111,  ill.  111,  111.  These  are  four  of  the  faces  of  the  octahedron 
of  the  normal  group  (Fig.  71),  and  those  four  which  belong  to  the  alternate 
octants  as  required  by  the  symmetry  already  defined. 

Each  of  tlie  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  the 
(normal)  interfacial  angle  is  109°. 29'  16''.  The  tetrahedron  is  the  regular 
triangular  pyramid  of  geometry,  but  crystallographically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is  vertical. 

126.  127.  128. 


There  are  two  possible  tetrahedrons:  the  plus  tetrahedron  (111),  designated 
by  the  letter  o,  which  has  already  been  described,  and  the  minus  tetrahedron, 
having  the  same^geometrical  form  and  symmetry,  but  the  symbols  of  its  four 
faces  are  111,  111,  111,  111.  This  second  form  is  shown  in  Fig.  127;  it  is 
usually  designated  by  the  letter  o^.  These  two  forms  are,  as  stated  above, 
identical  in  geometrical  shape,  but  they  may  be  distinguished  in  many  cases 
by  the  tests  which  serve  to  reveal  the  molecular  structure,  particularly  the 
etching-figures.      It  is  probable  that  the  plus   and  minus   tetrahedrons  of 


129. 


130. 


131. 


sphalerite  (see  that  species)  have  a  constant  difference  in  this  particular,  which 
makes  it  possible  to  distinguish  them  on  crystals  from  different  localities  and 
of  different  habit. 

If  both  tetrahedrons  are  present  together,  the  form  in  Fig.  128  results. 
This  is  geometrically  an  octanedron  when  they  are  equally  developed,  but 


*  This  18  one  of  the  five  regular  solids  of  geometry,  which  ioclude  also  the  cube,  octa- 
hedron, the  regular  peotagonal  dodecahedron,  and  the  icosahedron;  the  last  two  are  im- 
poMible  forma  among  crystals. 
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-crystallographically  it  is  always  only  a  combination  of  two  unlike  forms,  the 
plus  and  minus  tetrahedrons,  which  can  be  distinguished  as  already  noted. 

The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  solid 
^angles  as  in  Fig.  129.    The  cube  modifying  the  tetrahedron  truncates  its 

edges  as  shown  in  Fig.  130.  The  normal  angle  between 
adjacent  cubic  and  tetrahedral  faces  is  54""  44^  In  Fig. 
131  the  dodecahedron  is  shown  modifying  the  plus  tetra- 
liedron,  while  in  Fig.  132  the  cube  is  the  predominating 
form  with  the  plus  and  minus  tetrahedrons  and  dodeca- 
hedron. 

75.  Other  Typical  Formi. — There  are  three  other  dis- 
tinct types  of  solids  in  this  group,  having  the  general 


^ 


132. 


^ 


^ 


Bonicite. 


/    tmcb   types  oi   soiius  lu  liiih   gruup,  uaviiig  tut;  guiieiiu 

•^^    symbols  \)ihV\y  (hll),  and  {hkl).    The  first  of  these  is  shown 
■^^^^"^      in  Fig.  133,  here  the  symbol  is  (221).     There  are  twelve 


faces,  each  a  quadrilateral,  belonging  to  this  form,  dis- 
tributed as  determined  by  the  tetrahedral  type  of  symmetry.  They  correspond 
to  twelve  of  the  faces  of  the  trisoctahedron,  namelv,  all  those  falling  in  alter- 
nate octants.  This  type  of  solid  is  sometimes  called  a  tetragonal  trisietra" 
^edro?i,  or  a  deltoid  dodecahedron.  It  does  not  occur  alone  among  crystab, 
but  its  faces  are  observed  modifying  other  forms. 


133. 


134 


136. 


There  is  also  a  complementary  minus  form,  corresponding  to  the  plus  form» 
related  to  it  in  precisely  the  same  way  as  the  minus  to  the  plus  tetrahedron. 
Its  twelve  faces  are  those  of  the  trisoctahedron  which  belong  to  the  other  set 
of  alternate  octants. 

Another  form,  shown  in  Fig.  134,  has  the  general  symbol  (AW),  here  (211); 
it  is  bounded  by  twelve  like  triangular  faces,  distributed  after  the  type 
demanded  by  tetrahedral  symmetry,  and  corresponding  consequently  to  the 
faces  of  the  alternate  octants  of  the  form  (hll) — the  trapezohedron — of  the 
normal  group.  This  type  of  solid  is  sometimes  called  a  trigonal  tristetra* 
hedron  or  trigondodecahedon.*  It  is  observed  both  alone  and  in  combina- 
)  tion;  it  is  much  more  common  than  the  form  (lihl).  There  is  here  again  a 
complementary  minus  form.  Fig.  136  shows  the  plus  form  n  (211)  with  the 
plus  tetrahedron,  and  Fig.  137,  the  form  vi  (311)  with  a  (100),  o  (111),  and 
J  (110).     In  Fig.  138,  the  minus  form  n^  (211)  is  present. 

*  It  is  to  be  noted  that  the  tetraeronal  tnstetrahedron  has  faces  which  resemble  those  of 
the  trapezohedron  (tetragonal  trisoctahedron),  although  it  is  related  not  to  this  but  to  the 
trisoctahedron  (trigonal  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  tris- 
tetrahedron  resemble  those  of  the  trisoctahedron,  though  in  fact  related  to  the  trapeao- 
bedron. 


ISOMETRIC   8Ys$TEM. 


49 


The  fourth  independent  type  of  solids  in  this  group  is  shown  in  Fig.  135. 
It  has  the  general  symbol  (hkl),  here  (321),  and  is  bounded  by  twenty-four 
iaces  distributed  according  to  tetrahedral  symmetry,  that  is,  embracing  all  the 
faces  of  the  alternate  octants  of  the  forty -eight-faced  hexoctaliedron.  This 
form  is_sometimes  called  a  hexakistetrahedron.  The  complementary  minus 
toTtn  (hlcl)  embraces  the  remaining  faces  of  the  hexoctahedron.     Ihe  plus 

136.  137.  138. 


Tetrahedrite. 


Sphalerite. 


Borucitc. 


liexakistetrahedron,  v  (531),  is  shown  in  Fig.  138  with  the  cube,  octahedron, 
^nd  dodecahedron,  also  the  minus  trigonal  tris tetrahedron  n  (211). 

76.  If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
parallel  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces. 
They  form  a  cube  similar  in  geometrical  appearance  to  the  cube  both  of  the 
normal  and  pyritohedral  groups,  but  differing  in  its  molecular  structure,  as 
•can  be  readily  proved,  for  example,  by  pyro-electricity.  Similarly  in  the  case 
of  the  planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a 
rhombic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical  form 
of  the  normal  group.  The  same  is  true  again  of  the  planes  having  the  posi- 
tion expressed  by  the  general  symbol  (hkO)\  there  must  be  twenty-four  of 
them  and  they  together  form  a  tetrahexahedron. 

In  this  group,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
■of  them  are  geometrically  distinct  from  the  corresponding  forms  of  the 
normal  group. 

77.  Angles. — The  following  tables  contain  the  angles  of  some  common 
forms: 

Tbtragonal  Tristetuahedbons. 


Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf.  Fig.  188. 

221  A  212,  etc. 

221  A  *-2i2,  etc. 

a  (100,  U) 

i>(lll.  1) 

882 

\r  20 J' 

97"  50i' 

50"  14i' 

10*     IV 

221 

27    16 

90      0 

48    Hi 

15    471 

652 

88    88i 

84    41 

47      74 

19    281 

881 

87    51i 

80    55 

46    801 

22      0 

Trigonal  Tbistetrahedrons. 

EdgeB 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  184. 

211  A  211,  etc. 

211  A  121,  etc 

a  (100,  U) 

^(111.1) 

411 

88"  561' 

60"     0' 

\r  28i' 

SS**  15}' 

722 

44      0} 

55    50} 

22      0 

32    44 

811 

50    28} 

50    28} 

25    14} 

29    29} 

522 

58    59i 

43    20} 

29    29} 

25    141 

211 

70    81} 

33    Z^ 

85    15} 

19    28} 

823 

86    87} 

19    45 

48    18} 

11    25} 
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KdgeA 

EdgeB 

EdgeC 

ADEle  OD 

iLDgleoa 

A  312.  eic 

831  A  Bi2,  eU 

.  321  AaSl.  eic 

u  [100.  «) 

oOn.l) 

■iT  a«|' 

67'     74' 

%r  8»r 

83"  181' 

28-  88|' 

21     471 

69      41 

21    474 

86    42 

82    1«1 

15      51 

83     4t 

15      5i 

42      H 

IS     13} 

S3    I^i 

67    23} 

15    56} 

88    1»} 

35     4 

4.  PLAGIHEDBAL  GROUP  (4).  CUPRITE  TYPE. 

78.  Typio&l  Pomtt  and  Symmetry.— The  fourth  group  under  the  isometrid 

system  is  called   the   plagiliedral    or  gyroidiil  13s. 

group  becanae  the  faces   of  the   genenil  form 

(hkl)  are  arranged  in  spiral  order.   This  is  shown 

on  the  spherical  projection.  Pig.  139,  and  also  in 

Figs.  140, 141,  which  represent  tho  single  typical 

form  of  the  group.     'Iheae  two  com  piemen  lary 

solids   together  embrace   all   the   faces  of   the 

hexoctahedron.     They   are   distinguiahed   from 

one  another  by  being  called  respectively  right- 
handed  and   left-handed  pentagonal  icositetnt- 

bedrons.     The  other  forms  of   the  group  are 

geometrically  like  those  of  the  normal  group. 
The  symmetry  characteristic  of  the  group  in 

general,  is  as  follows  ; 

There  are  no  planes  of  symmetry  and  no  center  of  symmetry.     There  are 

however,  three  axes  of  quaternary  symmetry  normal  to  tho  cubic  faces,  fom 
1*0-  141-  axes  of  trigonal  symmetT^ 

normal  to  the  octahedra 
faces,  and  six  axes  of  binar 
symmetry  normal  to  thi 
faces  of  the  dodecahedron 
In  other  words,  it  has  all  tbi 
)  aies  of  symmetry  of  thi 
normal  group  while  withon 
planes    or   center    of    sym 

79.  It  is  to  be  noted  tha 
the  two  forms  shown  in  Pigs 
140. 141  are  alike  geometrically,  but  are  not  saperposable ;  in  other  words,  the; 
are  related  to  one  another  as  is  a  right-  to  a  left-hand  glove.  They  are  bene 
said  to  be  enantiomorphous,a.nA,i\9  explained  elsewhere,  the  crystals  be]  on  gin] 
hero  mav  be  expected  to  show  circnlar  light  polarization.  It  will  be  seen  tha 
the  complementary  pins  and  minus  forma  of  the  preceding  groups,  nnlike  thoE 
hert',  may  be  superposed  by  being  rotated  90"  abont  one  of  the  crystallographi 
axes.  This  distinction  between  pins  and  minus  forma,  and  between  right-  an< 
left-handed  enantiomorphous  forms,  exists  also  in  tlie  case  of  the  groups  a 
teveral  of  the  other  systems. 

This  group  is  rare  among  minerals ;   it  is  represented  by  cnpnte,  si 
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ammoniiic,  gylvite,  and  halite.     It  is  usually  shown  bj  the  dutribution  ot  tb« 
small  modifyiog  faces,  or   by  the   form   of  tbe  etching-  1^2, 

figures,  t'ig.  14::  bLows  a  crystal  of  cuprite  from  ConiwaU 
(Pnttt)  rtiLU  Lhe  form*  (13-1012). 

5.  TETAHTOHEDRAL  GROUP  (5).  ULLMAN- 
NITE  TYPE. 
BO.  Symmetry  and  Typical  Forms. ^The  fifth  remain- 
ing pos»ible  group  under  the  isometric  system  is  illus- 
trated by  Fig.  144,  which  represents  the  tweWe-faced 
solid  correspouding  to  the  general  symbol  {/iklj.  Ttie  dis- 
tribution of  its  faces  is  shown  in  the  projection.  Fig.  143. 
This  form  is  sometimes  called  a  tetrahedraJ- pentagonal  dodecahedron,  tt  is 
seen  to  have  one-fourth  as  many  faces  as  the  form  {Ml)  in  the  normal  gronp, 
hence  there  are  four  similar  solids  which  together  embrace  all  the  faces  of  the 
bexoctaliedron.  These  four  solids,  which  are  distinguished  as  right-handed 
(+  and  -)  and  left-handed  (+  and  — ),  are  enantiomorphous,  like  those  of 
Figs.  140  and  141,  and  hence  the  suits  crystallizing  here  may  be  expected  to 
also  show  circular  polarization.     The  remaining  forms  of   the  group  are 


{besides  the  cube  and  rhombic  dodecahedron)  the  tetrahedrons,  the  pyrito- 
bedrons,  the   tetragonal   and   trigonal   tristett ahedrons ;  geonietrically   they 
14'i  147.  are  like   the  solids  of  the 

le  names  already  de- 
scribed. This  grouii  has 
I  no  plane  of  svmmetrv  and 
no  center  ot  symmetry. 
There  are  three  axes  of 
binary  symmetry  normHl  to 
the  cubic  faces,  and  four 
axes  of  trigonal  symmetry 
normal  to  the  faces  of  the 
tetrahedron. 

This  group  is  illustrated  by  artificial  crystals  of  barium  nitrate,  strontium 
nitrate,  sodium  chlorate,  etc.  Further,  the  species  nllmannite,  which  shows 
sometimes  pyritohedral  (Fig.  14G)  and  again  tetrahedral  forms  (Fig.  147), 
both  haviug  the  same  composition,  must  be  regarded  as  belonging  here. 
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Mathematical  Relations  of  the  Isometric  System. 

81.  Most  of  the  problems  arising  Id  the  isometric  system  cau  be  solved  at  ooce  by  the 
right-angled  triangles  in  the  sphere  of  projection  (Fig.  110,  p.  41)  without  the  use  of  any 
formulas. 

It  will  be  remembered  that  the  angles  between  a  cubic  face,  as  100,  and  the  adjacent 
face  of  a  tetrahezahedron,  810,  210,  8^,  etc..  can  be  obtained  at  once,  since  the  tangent  of 

this  angle  is  equal  to  -^,  ^  -5,  or  m  general  j. 

k 

tan  {IikO  A  100)  =  r-. 

n 

Since  all  the  forms  of  a  given  symbol  under  different  species  have  the  same  angleSr 
the  tables  of  angles  already  given  are  very  useful. 

These  and  similar  angles  may  be  calculated  immediately  from  the  sphere,  or  often  more 
simply  by  the  formulas  ffiven  in  the  following  article. 

82.  Formulas.— (1)  The  distance  of  the  pole  of  any  face  'P(7ikl)  from  the  cubic  faces  b 
given  by  the  following  equations.  Here  Pa  is  the  distance  between  (hkl)  and  (100) ;  P5  is 
the  distance  between  (AA;^  and  (010);  and  Pe  that  between  (MU)  and  (001). 

These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  {hkO), 
(AAQ,  etc.: 

cos*  Pa  =  ,^  .   . .— r-«  ;        cos* Pb  =  -,  .   ,^  .  -.;        cos* Pc  = 


7i«4.A;«  +  i**  74«  4- A;*  +  i«*        -^    *  w     ^^,_^^_^^,. 

(2)  The  distance  between  the  poles  of  any  two  faces  P{hkl)  and  (i{pqr)  is  given  by  the 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified  : 

cos  PO  -  hp-\-kq-hlr 

(8)  The  calculation  of  the  supplement  Interfacial  or  normal  angles  for  the  several  forms 
may  be  accomplished  as  follows : 

Trisoetahedron,— The  angles  A  and  B  are,  as  before,  the  supplements  of  the  inter- 
facial angles  of  the  edges  lettered  as  in  Fig.  88. 

_  h^  +  2?U  _  27i*  -  P 

For  the  tetragonal-trUtetrahedron  (Fig.  138),   cos  B  = 

TrapetoTiedron  (Fig.  92).  B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  in 
the  figure. 

For  the  trigonal-trtBtetrahedron  (Fig.  184),      cos  B  =  -^  . 

Tetrahexahedron  (Fig.  82). 

.  h*  ^        2hk 

cos  A  =  ,.  .   ,^ ;  cos  C  = 


hi^k^*  /i«  +  A:** 

h'^  ^  k*  hk 

For  the  pyritoTudron  (Fig.  112),  cos  A  =  .        4 ^ ;  cos  C  =  ttttm' 

Eexoctahedron  (Fig.  102). 

cos  A  =  T^— r   .^;— r— ,i;        CbS  B  =  ,^    .     ,,    .     .   ',        COS  C  = 


A*-fA;*-ff*'  /i*4-*«-h^*'  A'' -f  >k« -h /*• 

For  the  dtplo^  (Fig.  118).  ^s  A  =  ^^,-^  ^,T  ^.^;      cos  C  =  -p^^^- 

7t*  —  2kl 
For  the  hex4iki8tetraliedran  (Fig.  135),        cos  B  =  . 
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II.  TETRAGONAL  SYSTEM. 

83.  The  Tetragonal  System  includes  all  the  forms  which  are  referred 
to  three  rectangular  axes  of  which  the  two  lateral  axes  are  equal  to  each  other 
and  the  third,  the  vertical  axis,  is  either  shorter  or  longer.  The  lateral  axes- 
are  designated  by  the  letter  a;  the  vertical  axis  by  i  (see  Fig.  149)  The  length 
of  the  vertical  axis  expresses  properly  the  axial  ratio  of  a  :  c,  a  being  uniformly 
taken  as  equal  to  unity. 

Seven  groups  are  embraced  in  this  system.  Of  these  the  normal  group  is 
common  and  important  among  minerals;  two  others  have  several  representatives^ 
and  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the  groups  the- 
vertical  axis  is  an  axis  of  tetragonal  symmetry;  in  the  remaining  three  it  is  an. 
axis  of  binary  symmetry  only. 


1.  NORMAL  GROUP  (6).    ZIRCON  TYPE. 

84.  Symmetry. — The  forms  belonging  to  the  normal  group  of  the  tetragonal 
system  (cf.  Figs.  149  to  171)  have  one  principal  plane  oi  symmetry,  the  plane? 
of  the  lateral  axes  a,  a;  further,  at  right  angles  148. 

to  this,  and  meeting  each  other  at  angles  of  45^ 
in  the  vertical  axis,^,  two  pairs  of  planes  of  sym- 
metry, like  two-aud-two.  One  of  these  sets,  the 
sxial  planes,  pass  through  the  crystallographic 
axes,  a,  a,  and  are  hence  parallel  to  the  faces 
lettered  a ;  the  others  are  diagonal  to  them,  or 
parallel  to  the  faces  m. 

Further,  the  vertical  axis,  6,  is  a  principal  axis 
of  tetragonal  symmetry;  there  are  also  four  axes 
of  binary  symmetry,  like  two-and-two  ;  one  set 
coincides  with  the  lateral  axes  a,  a;  the  others  are 
diagonal  to  them. 

The  distribution  of  the  faces  of  the  general 
form,  hkl,  belonging  to  this  group,  is  snown  in  the  spherical  projection^ 
Fig.  148. 

85.  Formi. — The  various  possible  forms  under  the  normal  group  of  this> 
system  are  as  follows : 


Miller. 

1.  Base  or  basal  pinacoid (0^1^) 

2.  Diametral  prism,  or  prism 

of  the  second  order 

3. 


GO  a  :  00  a:^ 


Naumann. 
OP  or  0,  c 


I  ....(100) 

I.  Unit  prism,  or  prism  )  /^^^^ 

of  the  first  order       \ ^^^"^ 

4.  Ditetragonal  prism (hkO) 

as,  (310)  t.3;  (210)  i-2;  (320)  *-},  etc. 

5.  Pyramids  of  the  diametral 

or  second  order 


a  :co  aKXi  e        coPooor  i-i,  a 


a  :a  :cx)  e 


a  :7ia  :  (x>  e 


a  :co  axmc 


X  ....(AC/) 
as,  (203)  f-i;  e  (101)  1-i;  (201)  2-t,  etc. 


00  P  or  7,  m     ^ 
00  Pn  or  i-n 

mP  00  or  fTi-r 


mP  or  fl 


mPn  or  m-n 
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6.  Pyramids  of  the  unit,) ^^j^        aiaime 

or  first  order,  )  ^      ' 

as,  (223)  \;  (111)  1;  (221)  2,  elo. 

7.  DitetragOMl  pynmiids,  1 ^ j„j         <■:»»:«» 

or  ZirconoidB,  \  ^      ' 

as,  (421)  4-S;  (321)  3-};  (132)  1-2,  etc. 

86.  Baul  Pinuoid  or  Baae. — The  bane  is  that  form  which  includes  the  two 
«imilar  faces  which  are  parallel  to  the  plane  of  the  luteral  aiee.  These  facei 
have  the  Bjiiibols  001  and  001  respectiielj  ;  it  is  an  "open  form,"  aB  they  do 
not  inclose  a  space,  consequently  this  form  can  occur  only  in  combination  with 
other  forms.  Cf.  Figs.  149-152,  etc.  This  form  is  always  lettered  c  in  thia 
work. 

87.  Prismi. — Prisms,  in  systems  other  than  the  isometric,  have  been  defined 
to  he  forms  whose  faces  are  parallel  to  the  rertical  aiis  (i)  of  the  crystal, 
while  tliey  meet  the  two  lateral  axes  ;  in  this  system  the  four  faced  form  whoM 
planes  are  parallel  both  to  the  vertical  and  a  lulerul  axis  is  also  called  a  prism. 
There  ai-e  hence  three  types  of  prisms  here  included. 

88  Diametral  Prism,— The  diametral  prUm  shown*  in  combination  with 
the  base  in  Fig.  149  includes  the  four  faces  which  are  parallel  at  once  to  ths 
vertical  and  to  a  lateral  axis;  it  has,  therefore,  the  general  symbol  (100).  It 
is  a  square  prism,  that  is,  the  angle  between  any  two  adjacent  faces  is  90°, 

The  diametral  prism  is  often  called  the  prism  of  the  second  order  ;  it  is 
uniformly  designated  by  the  letter  a,  and  its  faces,  taken  in  order,  have  the 
symbols  100,  010, 100,  o!o. 

It  will  bo  seen  that  the  combination  of  this  form  with  the  base  is  the 
analogue  of  the  cube  of  the  isometric  system.     It  has  four  similar  vertical 
edges  and  eight  similar  lateral  edges.     It  has  also  eight  similar  solid  angleo, 
I4ff.  160.  IBl.  iSfl. 


^ 
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89.  Unit  Prism. — The  unit  prigm  includes  the  four  faces  which,  whil« 
parallel  to  the  vertical   axis,  meet  the   lateral  axes  at  equal  distances  ;    its 

•  In  Kigs.  149-152  tbe  itimeiiRions  of  [lie  fonii  are  iimdo  1o  crre^m.tnl  |r.  ihr  iiuumed 
leiiglli  "t  llic  veriiciil  iixls(liere  i=  1-78  na  in  ociiibi'drilc)  used  Id  Fi);  158.  It  must  ba 
nnteil.  lio-JvuveT,  Hint  lu  the  case  of  actual  crystals  of  iliese  forms,  wlillt  llie  tilra^oDs) 
By:r,iiinry  Is  usuiilly  Indlcaled  by  llie  unlike  pliysicnl  cliararler  of  tiie  face  c  aa  compared 
with  tbu  fiices  a.  m.  etc. ,  Jit  tbe  verticiil  prlBmatic  zone,  no  inference  can  be  lirawn  as  U>  the 
reiativt!  )enf;tli  nf  tiie  vertical  axis.  Tbie  la<t  cftn  be  delermfned  oiily  when  a  pyramid  fa 
present  ;  it  is  flxeil  tor  tbe  species  when  a  particular  pvramld  is  cLosfn  as  fuadamental  or 
U[il(  form,  as  explained  later. 
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eneraf  symDoI  is  consequently  (110).  Like  the  preceding  form,  it  is  a  square 
rism,  with  iuterfacial  angles  of  90"^.  It  is  shown  in  combination  with  tne 
ase  iu  Fig.  150.  It  is  often  called  the  prism  of  the  first  order^aud  is  uniformly 
esigiiated  by  the  letter  m.  The  symbols  of  its  faces,  taken  in  order,  are  110, 
10,  110,  110. 

The  faces  of  the  unit  prism  truncate  the  edges  of  the  diametral  prism  and 
ice  versa.  When  both  are  equally  developed,  as  in  Fig.  151,  the  result  is  a 
?gular  eight-sided  prism,  which,  however,  it  must  be  remembered,  is  a  com- 
inatiou  of  tioo  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically  from 
ne  another,  and  furthermore,  in  a  given  case,  the  symmetry  of  this  group 
Hows  either  to  be  made  the  unit,  and  the  other  the  diametral,  prism  according 
y  the  position  assumed  for  the  lateral  axes.  If  on  crystals  of  a  given  species 
oth  forms  occur  together  equally  developed  (or,  on  the  other  hand,  separately 
n  different  crystals)  and  without  other  faces  than  the  base,  there  is  no  means 
f  telling  them  apart  unless  by  minor  characteristics,  as  striations  or  other 
larkings  on  the  surface,  etchings,  etc. 

90.  Ditetragonal  Prism. — The  ditetragonal  prism  is  the  form  which  is 
mounded  by  eight  similar  faces,  each  one  of  which  is  parallel  to  the  vertical 
xis  while  meeting  the  two  lateral  axes  at  unequal  distances.  It  has  the 
;eneral  symbol  UiSo).  It  is  shown  in  Fig.  152,  where  (hkO)  =  (210).  The 
uccessive  faces  have  here  the  symbols  210,  120, 120,  2lO,  2iO,  I50,  l20,  210. 

In  Fig.  164  a  combination  is  shown  of  this  form  (y  =  310)  with  the 
liametral  prism,  the  edges  of  which  it  bevels.  In  Fig.  168  it  bevels  (A  =  210) 
he  edges  of  the  unit  prism  m.  In  Fig.  169  it  is  combined  {I  =  310)  with 
)bth  the  square  prisms. 

91.  Pyramids. — There  are  three  types  of  pyramids  ia  this  group,  cor- 
•esponding,  respectively,  to  the  three  prisms  which  have  just  been  described. 
is  already  stated,  the  u&me  pi/ramid  is  given  (in  systems  other  than  the 
sometric)  to  a  form  whose  planes  meet  all  three  of  the  axes;  in  this  system 
he  form  whose  planes  meet  the  axis  i  and  one  lateral  axis  wlule  parallel  to 
ho  other  is  also  a  pyramid.  The  pyramids  of  this  group  are  .strictly  double 
)yramids. 

92.  Diametral  Pyramid.— The  diametral  pyramidy  or  pyramid  of  the 
econd  order,  is  the  form.  Fig  153,  whose  faces  are  parallel  to  one  of  the 
ateral  axes,  while  meeting  the  other  two  axes.  The  general  symbol  is  (liOI), 
These  faces  replace  the  basal  edges  of  the  diametral  prism  (Fig.  154),  and  the 
olid  angles  of  the  unit  prism  (cf.  Fig.  155).  It  is  a  square  pyramid  (also 
jailed  a  square  octahedron),  since  its  basal  section  is  a  square,  and  the  inter- 
acial  angles  over  the  four  terminal  edges,  above  and  below,  are  equal.  The 
luccessive  faces  of  the  form  (101)  are  as  follows:  Above  101,  Oil,  101,  Oll; 
)elow  101,  Oil,  TOl,  Oil. 

If  the  ratio  of  the  intercepts  on  the  lateral  and  vertical  axes  is  the  assumed 
ixial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  designated  by 
he  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of  either  one 
)f  the  interfacial  angles  (y  or  z)  over  the  terminal  or  basal  edges,  as  explained 
ater.  In  the  case  of  a  given  species,  a  number  of  diametral  pyramids  may 
)ccur,  varying  in  the  ratio  of  the  axes  a  and  L  Hence  there  is  possible  an 
ndefinite  number  of  such  forms  whose  symbols  may  be,  for  example,  (104), 
103),  (102),  (101),  (302),  (201),  (301),  etc.  Those  mentioned  first  come 
learest  to  the  base  (001),  those  last  to  the  diametral  prism  (100);  the  base  is 
herefore  the  limit  of  these  pyramids  {liOl)  when  A  =  0,  and  the  diametral 
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pri§iii  (100)  when  A  =  oo  and  /  =  1 ;  or,  what  is  the  eame  thing,  when  A  =  t 
wid  ^  =  0.  Fig.  166  shows  the  three  diametral  pjramidB  u  (105),  »  (101^ 
«  (201). 

Ift3.  164.  IBB. 


S3.  Vnit  Pyrainld. — A  unit  pyramid,  or  pyramid  of  the  first  order,  is  • 
form  whose  eight  similar  faces  intersect  the  two  lateral  axes  at  equal  dis- 
tances  and  also  intersect  the  vertical  axis.  It  has  the  general  symbol  (hhl). 
Like  the  diametral  pyramid,  it  is  a  square  pyramid  (or  square  octahedron) 
with  equal  interfacial  angles  07er  the  terminal  edges,  aiio  the  faces  replac» 
the  lateral,  or  basal,  edges  of  the  unit  prism.  If  the  ratio  of  the  vertical  to  tho 
lateral  axis  for  a  given  unit  pyramid  is  the  assumed  axial  ratio  for  the  speciesr 
the  form  is  called  the /undamen/ol  form,  and  it  has  the  symbol  (111)  ac  in 
Fig.  156.  Its  faces  mentioned  in  order  as  before  are:  Above  111,  111,  111, 
111;  below  Hi,  ill,  Hi,  111. 


f<^ 


^ 


^k^       ^^ 


ZIrcoD.  Zircon.  Apopliylliie 

Obviously  the  angles  of  the  unit  pyramid,  and  hence  its  geometrical 
aspect,  vary  widelv  with  the  length  of  the  vertical  axis.  For  Fig.  156  (octa- 
hedvite)  i  ^  1-7S;'  for  Fig.  161  p  =  (111)  and  i  =  0  64. 

For  a  given  species  there  may  be  a  number  of  unit  pyramids,  varying  in 
position  according  to  the  ratio  of  the  vertical  to  the  lateral  axis.  iTieir 
Bvmbols.  passing  from  the  base  (001)  to  the  unit  prism  (110),  may  thna  be- 
(115),  (113),  (223).  (Ill),  (333),  (221),  (441),  etc.  In  the  general  symbol  of 
these  forms  {bhf),  as  h  diminishes,  the  form  approximates  more  and  more 
nearlr  to  the  bitse  (001).  for  whicli  A  —  0:  as  S  iucreasps.  the  form  passea 
towarl  the  unit  prism,  for  which  7i  =  k  if  ?  =  I,  that  is,  for  which  A  =  1 
if  /  —  0.  In  Fig.  158  two  pyramids  of  this  order  are  sliown,  p  (111)  and 
«  (331). 
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The  faces  of  the  nnit  pyramids  replace  the  terminal  etlges  of  the  unit  priBm 
(Figs.  157, 160)  and  the  solid  angles  of  the  diametral  prism  (Fig.  159). 


Apophjllite. 


The  application  of  the  zonal  relations  proves  that  a  diametral  pyramid 
truncating  the  pyramidal  edges  of  a  given  unit  pyramid  has  the  same  ratio  as 
it  has  for  A  to  f!  Thus  (101)  tmncatos  the  terminal  edge  of  (111);  (301)  of 
f221),  etc.  Again,  if  a  unit  pyramid  truncates  the  pyramidal  edges  of  a  given 
aiametral  pyramid,  its  ratio  for  A  to  Hs  half  that  of  the  other  form ;  that  is, 
(113)  truncates  the  pyramidal  edges  of  (lOl);  (111)  of  (201),  etc.  These 
relations  are  exhibited  by  Fig.  165,  and  the  basal  and  spherical  projeclions 
(Figs.  170,  171)  corresponding  to  it.  Here  e  (101)  and  u  (105)  truncate  the 
terminal  edges  of  ^  (111)  and  r  (115),  respectively,  while  p  (111)  truncates  the 
edges  of  o  (301). 

04.  Ditetngoual  pTramid,  or  Zirooaold.— The  diletra^onal  pt/ratntd,  or 
double  eight-aided  pyramid,  is  the  form  each  of  whose  sixteen  similar  faces 
meets  the  three  axes  at  unequal  distances.  This  is  the  most  general  case  of 
the  symbol  (htl),  where  A,  i,  I  are  all  unequal  and  no  one  is  equal  to  0.  That 
there  are  sixteen  faces  in  a  single  form  is  evident.  Thus,  for  example,  for  the 
form  ('^12)  the  face  213  is  similar  to  133,  the  two  lateral  axee  being  equal 
^not,  however,  to  331).  Hence  there  are  two  like  faces  in  each  octant. 
Similarly  the  symbols  of  all  the  faces  in  t)ie  successive  octanta  are,  therefore^ 
u  follows: 

Above    213    132     133     3l3     T33    152     l33     2T2 
Below    213    123    I.>3    SiS    313    133    l33    2li9 
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This  form  is  common  with  the  species  zircon,  and  is  hence  often  called  a 
zirconoid.  It  is  shown  in  Fig.  1G6.  It  is  not  observed  alone,  though  aome> 
times,  us  in  Figs  IttT  (x  =  311)  and  166  (z  =  3:il),  it  is  the  predominating 
form.  In  Fig.  169  two  zirconoids  occur,  namely,  t  (313)  and  z  (Z'Zl).  Ct.  also 
Figs.  6,  8,  9  of  zircon  on  p.  8. 


167. 


168. 


Zircon.  Ciueiterile.  RuQie 

99.  In  addition  to  the  perspective  figures  already  given,  a  basal  projection 
(Fig     170)    is   added    of   the   crystal    of   octaliedrite  ^ijq 

already  referred  to  (Fig.  16u);  also  a  spherical  pro- 
jection of  the  same  (Fig.  171)  with  llm  faces  of  the 
form  (313)  added.  These  exhibit  well  the  general  r 
lations  of  this  normiil  group  of  the  tetragonal  systen 
Tbe  Bvmmetrv  here  is  to  be  noted,  first,  with  respect 
to  the  similar"  zones  100,  001,  lOO  and  010,001,  OlO; 
also,  second,  thnt  of  the  other  pair  of  similar  zoneB> 
110,  001,  no,  and  lIO,  001,  IlO. 
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2.  HEMIMORPHIC  GROUP  (7). 

96.  Symmetry. — This  group  differs  from  the  normal  group  only  in  having 

no  plane  of  symmetry  through  the  plane  of  the 
transverse  axes;  hence  the  forms  are  hemimor- 
phic  as  defined  in  Art.  29.  It  is  not  known  to 
be  represented  among  minerals,  and  is  sufficiently 
illustrated  by  the  spherical  projection  (Fig.  172). 
Here  the  two  basal  planes  are  distinct  forms, 
001  and  OOl ;  the  prisms  do  not  differ  geometri- 
j^  cally  from  those  of  the  normal  group,  though  dis- 
tinguished by  their  molecular  structure;  further, 
the  pyramids  are  no  longer  double  ])yramids>  but 
each  form  is  represented  by  one  half  of  Figs.  153, 
156,  166  (cf  Fig.  50,  p  18).  There  are  hence 
six  distinct  pyramidal  forms,  corresponding  to 
the  upper  and  lower  halves  of  the  unit  pyramid, 
the  diagonal  pyramid  and  the  ditetragonai  pyramid. 


3.  PYRAMIDAL  GROUP  (8).  SCHEELITE  TYPE. 

97.  Typical  Forms  and  Symmetry. — The  forms  here  included  have  one 
plane  of  symmetry  only,  that  of  the  transverse  axes,  and  one  axis  of  tetragonal 
symmetry  (the  vertical  axis)  normal  to  it.     The  173. 

distinct  forms  are  the  tetragonal  prism  (^^0) 
and  pvramid  {hkl)  of  the  third  order,  shown  'n 
Figs.  174,  175. 

The  distribution  of  the  faces  of  the  general 
form  (hkl)  on  the  spherical  projection.  Fig.  173, 
exhibits  the  symmetry  of  the  group.  Comparing 
this,  as  well  as  the  figures  immediately  following, 
with  those  6{  the  normal  group,  it  is  seen  that 
this  group  differs  from  it  in  the  absence  of  the 
vertical  planes  of  symmetry  and  the  horizontal 
axes  of  symmetry.  Further,  half  the  faces,  be- 
longing to  each  octant,  of  the  normal  form  (hkl) 
shown  in  Fig.  166  only  are  present,  and  these  are 
the  faces  situated  in  a  vertical  zone,  from  001  to  001. 

98.  Prism  and  Pyramid  of  the  Third  Order. — The  typical  forms  of  the 

froup,  as  above  stated,  are  a  square  prism  and  a  square  pyramid,  which  are 
istinguished  respectively  from  the  square  prisms  a  (100)  and  m  (110),  shown 
in  Figs.  149  and  150,  and  from  the  square  pyramids  (^0/)  and  (hhl)  of  Figs. 
153  and  156  by  the  name  **  third  order." 

There  are  two  complementary  forms  in  each  case,  designated  lef/  and  right, 
which  together  include  all  the  faces  of  the  ditetragonai  prism  (Fig.  152)  and 
ditetragonai  pyramid  (Fig.  166)  of  the  normal  group 

The  faces  of  the  two  complementary  prisms,  as  (210),  are: 

Left:     210,    l20,    2iO,    l20. 
Right:   120,    SlO,     l50,    210. 
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The  faces  of  the  corresponding  pyramids,  as  (212),  are: 

Left:      above  212,  l22,  3l2,  l32;    below  2l2,  l23,  SIS,  l22. 
Right:   above  122,  2l2,  132,  2l2;    below  123,  3l3,   133,  2l3. 

Fig.  176  gives  a  transverse  section  of  the  prisms  a  (100)  and  m  (110),  also 
the  prism  of  the  third  series  (120).  Fig.  175  shows  the  right  pyramid  (122) 
rorresponding  to  the  same  prism. 


174. 


176. 


176. 


210 


1» 


99.  Other  Forms. — The  other  forms  of  this  group,  that  is,  the  base  c  (001); 
the  other  square  prisms,  a  (100)  and  m  (110);  also  the  square  pyramids  (hOl) 
and  (hhl)  are  geometrically  like  the  corresponding  forms  of  the  normal  group 
already  described. 

100.  To  this  group  belongs  the  important  species  scheelite;  also  the 
isomorphous  species  stolzite  and  powellite,  unless  it  be  that  they  are  rather  to  be 
classed  with  wulfenite  (p.  61).  Fig.  177  shows  a  typical  crystal  of  scheelite, 
and  Fig.  178  a  basal  section  of  one  similar;  these  illustrate  well  the  charac* 


177. 


178. 


179. 


Scheelite. 


Scheelite. 


m 


m 


Meionite. 


tpTistics  of  the  croup.  Here  the  forms  are  e  (101),  p  (111),  and  the  third- 
order  pyramids  I  (5f5),  h  (313)  .  (212),  s,  (131).  fig  179  repr^ents  a 
meionite  crystal  with  r  (111)  and  the  third-order  pyramid  z  (311)  See  also 
Fiffs.  181,  182,  in  which  the  third-order  prism  is  shown. 

The  forms  of  this  group  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  liemihedrism  ;  hence  tlie  name  here  given. 
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A.  PYKAMIDAL-HEMIMORPHIC  GROUP  (9).    WULFENITE  TYPE. 

101.  Symmetry. — The  fourth   group  of  the  tetragonal  system  is  closely 

related  to  the  group  just  described.  It  has  the 
same  vertical  axis  of  tetragonal  symmetry,  but 
there  is  no  transverse  plane  of  symmetry.  The 
forms  are,  therefore,  hemimorphic  in  the  aistribu- 
tion  of  the  faces  (cf.  Fig.  180).  The  species 
wulfenite  of  the  Scheelite  Group  among  mineral 
species  probably  belongs  here,  although  the  crys 
tals  do  not  always  show  the  difference  between 
the  pyramidal  faces,  above  and  below,  which 
would  characterize  distinct  complementary  forms. 
Figs.  181,  182  could,  therefore,  serve  as  illustra- 
tions of  the  preceding  group,  but  in  Fiff.  183  a 
characteristic  distinction  is  exhibited.  In  these 
figures  the  forms  are  %  (102),  e  (101),  n  (lll)r 
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also/  (230),  k  (210),  %  (432),  x  (311). 


181. 


182. 


183. 


Pigs.  181-183,  Wulfenite. 

6.    SPHENOIDAL  GROUP  (10).    CHALCOPYRITE  TYPE. 

l02.  Typical  Forms  and  Symmetry. — The  tvpical  forms  of  this  group  are 
the  sphenoid  (Fig.  185)  and  the  tetragonal  scalenohedron  (Fig.  186).  They 
:and    all   the    combinations   of   this    group    are  184. 

■characterized  by  the  presence  of  two  vertical 
planes  of  symmetry;  these  are  diagonal  to  the 
crystal  I  ographic  axes  and  intersect  at  angles  of 
90"*  in  the  vertical  axis,  which  is  an  axis  of  binary 
symmetry  only.  Further,  the  two  horizontd 
crystallographic  axes  are  axes  of  binary  syra-  '  ^  X  !  X  o 
metry. 

This  symmetry  is  exhibited  in  the  distribution 
of  the  faces  of  the  general  form  (likl)  in  the 
spherical  projection  (Fig.  184).  It  is  seen  here 
that  the  faces  are  present  in  the  alternate  octants 
only,  and  it  will  be  remembered  that  this  same 
statement  was  made  of  the  tetrahedral  group 
under  the  isometric  system.    There  is  hence  a  close  analogy  between  these 
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two  groups.     The  Bymmetry  of  this  group  slioulJ  be  carefully  compared  with 
that  of  the  first  luid  third  groups  of  this  system  already  described. 

103.  Sphenoid. — The  spheuoid,  shown  in  Fig.  IBH,  is  a  four-fac«d  solid, 
reseaibliug  a  Letrabedroii,  but  eiich  luce  is  an  isoiiceJes  (not  an  equilateral) 
triangle.  Tiie  general  symbol  of  the  jilus  unit  sphenoid  is  (Itl),  and  the 
faces  have  the  symbols:  III,  III,  III,  ill.  The  complementary  minus 
Bpheooid  has  the  symbol  (ill),  and  theee  two  forms  include  all  the  faces  of 
tne  unit  pyramid  (HI)  of  the  normal  group-  When  they  occur  together,  it 
equally  developed,  the  reBulting  solid,  though  hnviiig  two  unlike  setb  of  fitces, 
cannot  be  distinguished  geometricallv  from  the  sqiiiire  pyramid  (III). 

In  the  species  chalcopyrite,  whicli  belongs  to  this  group,  the  deviation  in 
angle  and  in  axial  ratio  from  the  isometric  system  is  very  small,  and  hence 
the  unit  sphenoid  cannot  by  the  eye  he  distinguished  from  a  tetrahedron 
(compare  Fig.  187  with  Fig.  128,  p.  47).  For  this  species  6  -  0-985  (instead 
of  1,  as  in  the  isometric  system),  and  the  normul  sphenoidal  angle  is 
108°  40',  instead  of  109°  28',  the  angle  of  the  tetrahedron.  Hence  a  crystal 
with  both  the  nlns  and  minus  sphenoids  equally  develojwd  closely  resembles  a 
regular  octahedron. 

In  Fig  1»8  the  diametral  pyramids  e  (101)  and  z  (201)  are  also  present, 
also  the  base  c  (001). 

104.  Tetragonal  Scalenohedron. — The  sphenoidal  symmetry  yields  another 
distinct  type  of  form,  that  shown  in  Fig.  186.     It  is  bounded  by  eight  similar 

jg^  jB£  scalene   triangles,  and  hence  is  called  a 

tetragonal  scalenohedron;  the  general 
symbol  is  (/tii)-  The  f:ices  of  the  com- 
plementary pins  and  minus  forms  embrace 
all  the  faces  of  the  ditetragonal  pyramid. 
This  form  appears  in  combination  in 
chalcopyrite,  but  is  not  observed  inde> 
pendently.  In  Fig.  189  the  form  a  (531) 
18  the  plus  tetragonal  scalenohedron. 

105,  Other  Forma— The  other  forms 
of  the  group,  namely,  the  two  squara 
prisms,  the  ditetragonal  prism,  ana  thft 
two  square  pvramidi?  (AAT)  and  {fiOl),  are 
geometrically  like  those  of  the  normal  group,  f  ha  lower  symmetry  in  the 
molecular  structure  is  only  revealed  by  special  investigation,  as  by  etching. 


1S8. 


18». 


Figs.  187-lBU,  Cbalcopyriii 
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6.  TRAPEZOHEDRAL  GROUP  (11). 

106.  The  trapezohedral  group  is  analogous  to  the  plagihedral  group  nnd6r 
the  isometric  system ;  it  is  characterized  by  the  absence  of  any  plane  or  center 
of  symmetry ;  the  vertical  axis,  however,  is  an  axis  of  tetragonal  symmetry,  and 
perpendicular  to  this  there  are  four  axes  of  binary  symmetry.  The  distribu- 
tion of  the  faces  of  the  general  form  {hkl)  is  shown  in  the  spherical  projection^ 


190. 


191. 


Fig.  190,  and  Fig.  191  gives  the  resulting  solid,  a  tetragonal  trapezohedron. 
The  complementary  right-  and  left-handed  forms  embrace  all  the  faces  of  the 
ditetragonal  pyramid  of  the  normal  group.     These  two  forms  are  enantiomor* 
phous,  and  the  salts  belonging  to  this  group  show  circular  polarization. 
Phosgenite  (p.  364)  probably  belongs  to  this  group  (Goldschmidt). 

7.  TETARTOHEDRAL  GROUP  (12). 

107.  Symmetry.— The  seventh  and  last  possible  group  under  this  system 
has  no  plane  nor  center  of  symmetry,  but  the  192. 

vertical  axis  is  an  axis  of  binary  symmetry. 
The  distribution  of  the  faces  of  the  general  form 
(hkl)  is  shown  on  the  sphere  of  projection  (Fig. 
192),  and  the  solid  resulting  is  a  sphenoid  of  the 
third  order.  There  are  also  three  other  possible 
forms  complementary  to  this,  and  the  four  are 
respectively  distinguished  as  right  (+  and  — )  *►{ 
and  left  (+  and  — ).  These  four  together  em- 
brace all  the  sixteen  faces  of  the  ditetragonal 
pyramid.  The  other  characteristic  forms  of  this 
group  are  tne  prism  of  the  third  order  {hkO),  the 
plus  and  minus  sphenoids  of  the  first  order  (111^, 
and  also  those  of  the  second  order  (101).  This 
group  has  no  known  representative. 

Mathematical  Relations  of  the  Tetragonal  System. 

108.  Choice  of  Axes. — It  appiara  from  the  disciission  of  the  symmetry  of  the  seven  groups 
of  this  system  that  with  all  of  them  the  position  of  the  vertical  axis  is  fixed.  In  groups  1,  2, 
however,  where  there  are  two  sets  of  vertical  planes  of  symmetry,  either  set  may  be  made 
the  axial  planes  and  the  other  the  diagonal  planes.  The  choice  between  these  two  possible 
positions  of  the  lateral  axes  is  guided  particularly  by  the  habit  of  the  occurring  crystals 
and  the  relations  of  the  given  species  to  others  of  similar  form. 
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109.  Determination  of  the  Azlal  Batio,  ote. — The  following  relatfoDs  serve  to  connect 
Che  axial  ratio,  that  is,  the  length  of  the  vertical  axis  h,  when  a  ss  1,  with  the  fundamental 
angles  (001  a  101)  uud  (001  a  HI): 

tan  (001  A  101)  =  i;  tan  (001  a  HI)  X  ^V2  =  h. 

For  faces  in  the  same  rectangular  zone  the  tangent  principle  applies.  The  most  impofw 
cant  cases  (cf.  Fig.  171)  are: 

tan  (001  A  hOl)  _  A . 

tan  (001  A  101)  "  I  • 

tan  (001  A  O/cl)  __  *. 
Uu  (001  A  Oil)  ""  I  • 

tan  (001  A  ^thl)  _  h 
tan  (001  A  111)  "  T 
For  the  prfsmB 

tan  (010  A  W:0)  =  p        or       tan  (100  A  AArO)  =  p 

110.  Other  Calculations.— It  will  be  noted  that  in  the  spherical  projection  (Fig.  171)  all 
those  spherical  triangles  are  right-augled  which^are  formed  by  great  circles  (diameters)  which 
meet  the  prismatic  zone-circle  100,  010.  lOO,  010.  Again,  all  those  formed  by  great  circles 
drawn  between  100  and  100,  or  010  and  010,  and  crossing  res|)ectively  the  zone-circles  100. 
001,  100,  or  010,  001,  010.  Also,  all  those  fomied  by  great  cjrcles  dmwn  between  110  and 
iiO  and  crossing  the  zouecircL*  110,  001,  110,  or  between  110  and  110  and  crossing  the 
zone-circle  110,  001,  110. 

These  sphedcal  triangles  may  hence  l>e  readily  used  to  calculate  any  angles  desired;  for 
■example,  the  angles  between  the  pole  of  any  face,  as  ?ikl  (say  321  ^  and  the  pinacoids  100, 
010.  001.  The  terminal  angles  {x  and  z.  Fig.  166)  of  the  ditetragonal  pyramid,  212  A  213 
<or  818  A  8i8,  etc),  and  212  A  122  (or  818  a  188,  etc.),  can  also  be  obtained  in  the  same 
way.  The  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001,  100  and  001,  110 
for  the  given  case.  For  example,  the  zone-circle  110,  818,  183.  110  meets  110,  001,  110  at 
the  i)oIe  228,  and  the  calculated  angk-  818  A  223  is  half  the  angle  818  a  188.  If  a  large 
number  of  similar  angles  are  to  Ije  calculated,  it  is  more  convenient  to  use  a  formula, 
lis  that  given  below. 

111.  Formulas. — It  is  sometimes  convenient  to  have  the  normal  interfacial  angles 
expressed  directly  in  terms  of  the  axis  ^  and  the  indices  A,  k,  and  I.    Thus : 

(1)  The  distances  of  the  pole  of  any  face  P  (ftkl)  from  the  pinacoids  a  (100)  =  P«* 
i>  (010)  =  P&,  e  (001)  =  Pc  are  given  by  the  following  equations : 

cos*  Pa  =  ,,  ,   ■    M  >  -,    .a  ;    cos'  P6  =  xa  >   I    M  a   I    >t  '•    cos*  Pc  =  ,^  ^  ,    .^  ,  .    ^ 
These  may.  also  be  expressed  In  the  form 

toQ*  Pa  =       ^^,     ;     tan*  P6  =       ^^^,      ;     tan»  Te  = 31 . 

(2)  For  the  distance  between  the  poles  of  any  two  faces  (hkt),  (pqr),  we  have  te 
genei-al 

cosPQ=      ,  npc^-^k,c^^lr 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 
for  hkl  and  the  angle  of  the  edge  y  of  Fig.  166. 

112.  Prismatic  Angles. — The  angles  for  the  commonly  occurring  ditetragonal  prisms  are 
as  follows: 

Angle  on         Angle  on  Angle  on         Anirle  on 

a  (100,  f-i)       m  (110.  7)  a  (100,  t-O       m  (110,  /) 

410,  f4  14*    2}'  30''  57J'  530,  tf  80"  57f'  14**    2^' 

810,  1-3     18  26      26  84         820.  I'-f     33  41 J     11  18} 

210.  f-2     26  84      18  26         430.  tj     36  52]  8   7t 


HEXA60KAL  8TSTSM.  65 


m.    HEXAGONAL  SYSTEM. 

113.  The  Hexagonal  System  includes  all  the  forms  which  are  referred 
to  four  axesj  three  equal  lateral  axes  in  a  common  plane  intersecting  at  angles 
of  60"^,  and  a  fourth,  vertical  axis,  at  right  angles  to  them. 

Two  sections  are  here  included,  each  embracing  a  number  of  distinct 
groups  related  among  themselves.  They  are  called  the  Hexagonal  Division 
and  the  Trigonal  (or  Rhombohedral)  Division,  The  symmetry  of  the  former, 
about  the  vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to  the 
trigonal  type. 

Miller  (1862)  referred  all  the  forms  of  the  hexagonal  system  to  three  equal  axes  parallel 
to  the  faces  of  the  fundamental  rhombohedron,  and  hence  intersecting  at  equal  angles,  not 
W.  This  method  (further  explained  in  Art.  168)  has  the  disadvantage  of  failing  to  bring 
out  the  relationship  between  the  normal  hexagonal  and  tetragonal  types,  both  characterized 
"by  a  principal  axis  of  symmetry,  which  (on  the  system  here  adopted)  is  the  vertical 
crystalloffraphic  axis.  It  further  gives  different  symbols  to  faces  which  are  crystallo* 
graphically  identical.  It  is  more  natural  to  employ  the  three  rhombohedral  axes  for 
trigonal  forms  only,  as  done  by  Groth  (1894),  who  includes  these  groups  in  a  Trigonal 
Bytiem;  but  this  also  has  some  disadvantages. 

114.  Oronps. — There  are  five  possible  groups  in  the  Hexagonal  Division. 
Of  these  the  normal  group  is  mucU  the  most  important,  and  two  others  are 
also  of  importance  among  crystallized  minerals. 

In  the  Trigonal  Division  there  are  seven  groups;  of  these  the  rhombo- 
hedral group  or  that  of  the  Calcite  Type  is  by  far  the  most  common,  and 
three  otliers  are  also  of  importance. 

115.  Axes  and  Symbols. — The  position  of  the  four  axes  taken  is  shown  in 
Pig.  193;    the  three  lateral   axes  are  called  a,  and  the  vertical  axis  is  6. 
Further,    when    it     is    desirable    to    distinguish  j^o 
between  the  lateral  axes  they  may  be  designated 
a,,  a,,  a,.    The  general  position  of  any  plane  on 
the  method  of  Bravais  (who  adapted  the  system 
of  Miller  to  this  system)  may  be  expressed  in  a 
manner  analogous  to  that  applicable  in  the  other 
systems,  viz. : 

1111. 
ja,  :   ^a,  :  -.«,  :  jd. 

The  corresponding  indices  for  a  given  plane  are 
then  hy  k,  t,  /;  these  always  refer  to  the  axes 
named  in  the  above  scheme : 

It  is  found  convenient  to  consider  the  axis  a, 
as  negative  in  front  and  positive  behind,  hence  the  general  symbol  is  hkil. 
Further,  as  following  from  the  angular  relation  of  the  three  lateral  axes,  it 
can  be  readily  shown  to  be  always  true  that  the  algebraic  sum  of  the  indices 
h,  k,  t,  is  equal  to  zero: 

h  +  k  -\-  i  =  0. 

The  general  expression  for  any  plane  in  accordance  with  the  system  of 
Ij'aumann  is 

na  :  pa  :  —  a  :  ma* 
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Here  it  is  always  true  that  p  = 


71 


•    The  shortened  form  for  the  above 


;*-  1 
expression  as  adopted  by  Naumann  is  mPn, 

Tbe  relation  of  Miller's  iudices  to  those  of  NaumaoD  is  obvious  if  for  a  given  plane 
with  the  symbol,  say,  2lSl  the  parameters  are  given  \u  full,  namely: 


(1) 


-^ai  :!««:-  -a, :  li. 


This  is  equivalent  (after  multip.ying  by  8)  to 


(2) 


-ai :  Sat  :  —  1  aa :  8j. 


8 


Here  m  »  8^  ^'^  -s*  <^d  ^he  value  of  p  is  8.    The  symbol  b  hence  wrftteo 

8P|.  or  8.|. 


A.    Hexagonal  Division, 


1.  NORMAL  GROUP  (13).     BERYL  TYPK 

116.  Symmetry. — Crystals  beloiiLnng  to  the  normal  group  of  the  Hexagonal 
Division  have  one  principal  plane  of  symmetry,  the  plane  of  the  lateral  axes ; 
also,  normal  to  this  and  meeting  in  the  vertical  axis  at  angles  of  30**,  six  other 
planes  of  symmetry,  like  three-and-three.  Those  of  one  set  pass  through  the 
lateral  axes  a,  a,  a  (Figs.  195,  198)  and  are  194. 

hence  parallel  to  the  faces  of  the  form  (lOlO) 
lettered  m,  as  in  Fig.  208.  The  others  are 
diagonal  to  the  first  set  (Figs.  196, 198)  and  are 
parallel  to  the  faces  of  the  form  (ll20)  lettered 
a,  Fig.  208. 

Further,  these  crystals  have  one  principal 
axis  of  hexagonal,  or  sixfold,  symmetry,  the 
vertical  crystal lographic  axis  ;  also  six  hori- 
zontal axes  of  binary  symmetry;  three  of  these 
coincide  with  the  lateral  crystallographic  axes, 
the  others  are  diagonal  to  them.  The  symmetry 
of  this  group  is  exhibited  in  the  accompanying 
spherical  projection.  Fig.  194,  and  by  the 
figures  in  the  following  pages  from  195  to  209. 

The  analogy  between  this  group  and  the  normal  group  of  the  tetragonal 
system  is  obvious  at  once  and  will  be  better  appreciated  as  greater  familiarity 
is  gained  with  the  individual  forms  and  their  combinations. 

117.  Forms. — The  possible  forms  in  this  group  are  as  follows  : 


1.  Base 


Miller-Bravais. 


(0001) 

2.  Unit  prism,  or  prism  )  nnln\ 

of  the  first  order      p---U^^"; 

3.  Diagonal  prism,  or  prism  )  /ns^x 

of  the  second  order         f  ^^^^^^ 


coa  :  coa  :  coaic 


Naiimann. 
OP  or  0,0 


a:ooa:  — a:coc         to  P  or  I,fn 


2a  :  2a  :  —  a 


CO  c       CO  P2  or  t-2,  a 
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Miller-Bravais.  Naumano. 

4.  Dihexagonal  prism (hkiO)  na  :pa  :  —  a  :  oqc       oo  Fn  or  i-n 

as,  (2l30)  f  a  :  3a  :  —  a  :  00  c      oo  P  j  or  i- j 

'■  '''o? t't^fdef  ""''  \-  (''<>^^)  «:««:-«:-.  mF  or  m 

aa,  (1011)  a  :  coa  :  —  a  :c    P  or  \;  also  205l  (a  :  oo  a  :  —  a  :2c)       2P  or  2 

'•  ""'u^^drclfTeTeifond  ar  [  (A'^'-^^-^)        2«  :  2a  :  -  a : «..     .P2  or  «-2 

as,  (1122)  2a  :  2a  :  —  a  :  c    P2  or  1-2 

^-  ^t'bcfyXldf  ™"''^''  f (''*'^)         na.pa:-a:mc       mPn  or  «^« 

as,  (2l3l)  j|(^  :  3a  :  -a  :  3c      3PJ  or  3-} 
In  the  above  h  >  k,  and  A  +  ^  =  —  i. 

Il8  Base  — The  base,  or  Ja^a/  pinacoid,  includes  the  two  faces,  0001  and 
(H)01,  parallel  to  the  plane  of  the  lateral  axes  It  is  uniformly  designated  by 
the  letter  c\  see  Figs.  195  et  seq, 

119.  Prisms,  unit  Prism. — There  are  three  types  of  prisms,  or  forms  in 
which  the  faces  are  parallel  to  the  vertical  axis. 

The  U7iit  prism,  or  prism  of  the  first  order.  Fig.  195,  includes  six  faces, 
each  one  of  which  is  parallel  to  the  vertical  axis  and  meets  two  adjacent  lateral 
axes  at  equal  distances,  while^  it  is  parallel  to  the  third  lateral  axis.  It  has 
hence  the  general  symbol  (1010)  and  is  uniformly  designated  by  the  letter  m; 
its  six. faces,  taken  in  order  (see  Figs.  195  and  209),  are: 

lOlO,    0110,     IlOO,     1010,     Olio,     1100. 

120.  Diagonal  Prism. — The  diagonal  prism,  or  prism  of  the  second  order. 
Fig  196.  has  six  faces,  each  one  of  which  is  parallel  to  the  vertical  axis,  and 
meets  the  three  lateral  axes,  the  two  alternate  at  the  unit  distance,  the  other 
at  one- half  thi^  distance;  or,  which  is  the  same  thing,  it  meets  the  last-named 
axis  at  the  unit  distance,  the  others  at  double  this  distance. "**  The  general 
symbo;  is  (llSO)  and  it  is  uniformly  designated  by  the  letter  a;  the  six  faces 
(see  Figs  196  and  209)  in  order  are  : 

llSO.     1210,     2110,     IT20,     1210,     2ll0. 

The  unit  prism  and  the  diagonal  prism  are  not  to  be  distinguished  geo* 
metrically,  each  being  a  regular  hexagonal  prism  with  normal  interfacial  angles 
of  60*".  They  are  related  to  each  other  in  the  same  way  as  the  two  square 
prisms  w  (110)  and  a  (100)  of  the  tetragonal  system. 

The  relation  in  position  between  the  unit  prism  (and  pyramids)  on  the  one 
hand  and  the  diagonal  prism  (and  pyramids)  on  the  other  will  be  understood 
bettei  from  Fig.  198,  representing  a  cross-section  parallel  to  the  base  c. 

12L  Dihexagonal  Prism.— The  dihexagonal  prism,  Fig.  197,  is  a  twelve-sided 
prism  bounded  bv  twelve  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis,  and  also  meets  two  adjacent  lateral  axes  at  unequal  distances  the  ratio 
of  which  always  liei  between  1  :  I  and  1  .  2  (see  2  p.  66)  This  prism  has  two 
unlike  edges,  lettered  x  and  y,  as  shown  in  Fig.  197.  The  general  symbol  ia 
{hklO),  and  the  faces  of  a  given  form,  as  (2l30),  are : 

2lS0,     1230,     1320,     23iO      32iO,     Sl20, 

2130.     1230,     1320,    2510.     32il,    3l20. 

. _  ■       — -  -^  A 

*  Since  lai :  la« :  *  ia. :  ood  is  equivalent  to  2ai ;  day :  ^  la*  :«>,& 
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122.  FyramidB.  Unit  Prramlds.— Corresponding  to  the  three  types  ot 
prismB  just  mentioned,  there  are  three  types  of  pyramids. 

A  unit  pyramid,  or  pyramid  of  the  first  order.  Fig.  199,  is  a  form  bounded 
by  twelve  similar  triangular  faces— sis  above  and  six  below — vhicb  hare  tb« 
same  position  relative  to  the  lateral  axes  as  i98. 

the  faces  of  the  unit  prism,  while  they  also 
intersect  the  .vertical  axis  The  general  symbol 
is  hence  {hOhl).  The  faces  of  a  given  form,  as 
<10ll),  are : 

Above  lOll,  OlTl,  llOl,  Ion,  OTll,  lIOl. 

Below  lOlT,  OlII,  IlO!,  lOlI,  Ollt,  llOl. 
On  a  given  species  there  may  be  a  number  ~ 
of  unit  pyramids,  differing  in  the  ratio  of  the 
lateral  to  the  vertical  axis,  and  thus  forming  a 
zone  between  the  base  (0001)  and  the  faces  of 
the  nnit  prism  (lOlO).  Their  symbols,  passing 
from  the  base  (0001)  to  the  unit  prism  (lOTO), 
■would  be,  for  example,  10!4, 1012,  2023,  lOll,  3052,  205l,  etc.  In  Fig.  202, 
the  faces  o  and  a  are  unit  pyramids  and  they  have  the  symbols  respectively 
(lOll)  and  (20Sl),  here  6  -  1-014.    In  Fig.  205,p  is  the  nnit  pyramid  (lOll)t 


here  i  =  0*50.  As  shown  in  these  cases  the  faces  of  the  unit  pyramids  replacfr 
the  edges  of  the  unit  prism.  On  the  other  hand,  they  replace  the  solid  angles 
of  the  diagonal  prism  a  (liaO)  as  shown  in  Fig.  204, 
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123.  Diagonal  Pyramidi.  —  The  dingonal  pyramid,  or  pyramid  of  th* 
•econd  order  (Fig.  2U0),  is  a  double  six-Bided  p;^ramid  iucluding  the  tvelv^ 
similar  faces  which  have  the  same  position  relutive  to  the  lateral  axes  as  the 
faces  of  the  diagonal  prism,  aQd_wLicb  also  intersect  the  Tertical  axis.  They 
have  the  general  symbol  (A  -  A  -  2/i  -  i).  The  symbols  of  the  faces  of  the  form 
(11S2)  are : 

Above  1152,    I2T2,    Sll2,     1122,    lSl2,    ZTTS. 

Below  1132,    I2i2,    3ll2,    1123,    I2l2,    2lI5. 

The  faces  of  the  diagonal  pyramid  replace  the  edges  between  the  faces  of 
the  diagonal  prism  and  the  base.  Further,  they  replace  the  solid  angles  of  the 
unit  prism  m  (lOlO).  There  may  be  on  a  single  crystal  a  nnmber  of  diagon^ 
pyramids  forming  a  zone  between  the  base  c  (OOOL)  and  the  faces  of  the  diagonal 
prism  a  (ll50),  as,  naming  them  in  order:  ll54,  llSS,  22l3,  ll2l,  etc.  la 
Pig  205,  o,  a  are  the  diagonal  pyramids  (ll22)  and  (lliJl). 


aos. 
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184.  Dihexagonal  Pyramid. — The  dikexagonal  pyramid,  Fig.  301,  is  a  donble 
twelve-aided  pyramid,  having  the  twenty-four  similar  faces  embraced  under 
the  general  symbol  {hkll).  It  is  bounded  by  twenty-four  similar  faces,  each 
meeting  the  vertical  axis  and  having  a  ratio  for  the  intercepts  on  two  adjacent 
lateral  axes  between  1 : 1  and  1  I'i  (cf.  the  general  symbol  (2)  given  in  Art. 
IIS).  Thus  the  form  (:!l3l)  includes  the  following  twelve  faces  in  the  upper 
half  of  the  crystal : 

2l3l,     1231,    I33l,    53ll,    3211,     3121, 
SI31,    T231,     1521,    2311.     3311,     3131. 

And  similarly  below  with  /  (here  1)  negative,  2l3l,  etc.  The  dihexngonal 
pyramid  is  often  called  a  bert/llotd  because  a  common  form  with  the  species 
beryl.     In  Fig  306,  w  is  the  berylloid  (11  ■  2- 13 -3). 

125  Combinations.— Fig.  20?  of  beryl  shows  a  combination  of  the  base 
c  (OOOl)  and  prism  m  (1010)  with  the  unit  pyramids  j)  (lOll)  and  v  (205l), 
the  diagonal  pyramid  *  (1  l3l)  and  the  berylloids  v  (2131)  and  n  (3l3l).  Both 
the  last  forms  lie  in  a  zone  between  m  and  s,  foi  which  it  is  true  that  k  =  I, 
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The  basal  projection  of  a  similar  crjstal  aliowD  in  Fig.  30S  is  very  instractiTfl 
as  ezhibiciug  the  srmmetrj  of  the  normal  hexagonal  group.     This  is  also  true' 


of  the  spherical  projection  in  Fig.  309  of  a  like  crystal  vith  also  the  t 
0  (U22). 
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2.  HEMIMORPHIC  GROUP  (14)     lODYRITE  TYPE. 

126.  Symmetry.— This  group  differs  from  the  uormal  group  only  in  having 

ao  transverse  plane  of  principal  symmetry  and  no  horizontal  axes  of  binary 

symmetry.    It  has,  however,  tne  same  two  sets  of  planes  of  symmetry  meeting 

210.  211.  at  angles  of  30^  in  the  vertical 

axis  which  is  an  axis  of  hex 
agonal  symmetry.  There  is  no 
center  of  symmetry.  The 
symmetry  is  exhibited  in 
the  spherical  projection,  Fig. 
210. 

127  Forms.  —  The  forms 
belonging  to  this  group  are 
the  two  basal  planes,  0001  and 
0001,  here  distinct  forms,  the 
plus  (upper)  and  minus 
(lower)  pyramids  of  each  of 
lodyrite.  the  three  types ;  also  the  three 
prisms,  which  last  do  not  differ  geometrically  from  the  prisms  of  the  normal 
gronp.  An  example  of  this  group  is  found  in  iodyrite,  or  silver  iodide,  Fig. 
211 ;  here  n  =  (40ll),  n  =  (4035),  /?  =  (9-9-18-50).  Greenockite  and  wurtzite, 
also  xiiicite  (Fig  50,  p.  18)  are  classed  here,  but  there  is  some  reason  for 
believing  that  these  species  belong,  with  tourmaline,  to  the  corresponding 
group  under  the  trigonal  (rhombohedral)  division. 


3   PYRAMIDAL  GROUP   (15).    APATITE  TYPE. 

128.  Typical  Forms  and  Symmetry. — This  group  is  important  because  it 
includes  the  common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
mimetite,  vanadinite.  The  typical  form  is  the  212. 
hexagonal  prism  (//HO)  and  the  hexagonal  pyra- 
mid (Jikll),  each  designated  as  of  the  third  order. 
These  forms  are  shown  in  Figs.  213  and  214. 
They  and  the  other  forms  of  the  group  have  only 
one  plane  of  symmetry,  the  plane  of  the  horizontal 
axes,  and  also  one  axis  of  hexagonal  symmetry 
(the  vertical  axis). 

The  symmetry  is  exhibited  in  the  spherical 
projectidn  (Fig.  212).  It  is  seen  here,  as  in  the 
figures  of  crystals  given,  that,  like  the  pyramidal 
gronp  under  the  tetragonal  system,  the  faces  of 
the  general  form  (hkll)  present  are  half  those 
belon^ng  to  each  sectant,  and  further  that  those  above  and  below  fall  in 
same  vertical  zone. 

129.  Prism  and  Pyramid  of  the  Third  Order.— The  prism  of  the  third  order 
(Fig.  213)  has  six  like  faces  embraced  under  the  general  symbol  {hklO),  and 
the  form  is  a  regular  hexagonal  prisih  with  angles  of  60°,  not  to  be  distinguished 
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geometrically,  if  alone,  from  the  other  hexagonal  priEms  ;  cf.  Fige.  195,  196^ 
p.  68     The  six  faces  of  the  right-handed  form  {'il3i))  have  the  ajmbols 
2l30,     1350,     3-JlO,     3130,     l320,     3310. 
The  faces  of  the  compleuieutai-y  left-iiauded  form  have  the  symbola : 

1230,     33l0,     3120,     3330,     2310,     3l20.       . 
These  two  forms  together  embrace  all  the  faces  of  the  dihezagonal  prism* 
<Fig.  ]9T). 

Tlic  pvramid  is  also  a  regular  hexagonal  pyramid  of  the  third  order,  and  in 
iU  relaliouG  to  the  other  hexagonal  pyramids  of  the  group  (Figs.  199,200)  it  is- 
analogous  to  the  square  pyramid  oF  the  third  order  met  with  in  the  correspond- 
ing group  of  the  tetragonal  system  (see  Art.  98),  The  faces  of  the  right- 
banded  form  (2133)  are : 

Abo?e2l33,    3333,     5213,    5133,    1523,    32T3. 

Below  2155,    1333,    32l5,    2T33,    1323,    3315. 

There  is  also  a  complementary  left-handed  form,  which  with  this  embracer 

all  the  faces  of  the  dihexagonal  pyramid.     The  cross  section  of  Fig.  21fi  ehova 

in  outline  the  position  ot  the  unit  prism,  and  also  that  of  the  nght-handed 

prism  of  the  third  ordei. 

ai3.  ai4.  ai8. 


Apalite.  Apstlle.  Apatlle. 

The  prism  and  pyramid  just  described  do  not  often  appear  on  crystals  a» 
predominating  forms,  though  this  is  sometimes  the  case;  for  example.  Fig,  217 
shows  a  crystal  of  apatite  in  which  the  prominent  pyramid  /;<  is  a  pyramid  of 
the  third  order  (3131).  Commonly  these  faces  are  present  modifying  other 
fundamental  forms,  and  their  character  is  obvious  from  their  position  relatively^ 
for  example,  to  the  unit  prism  vi  (lOlO). 
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130.  Other  Forms. — The  remaining  forms  of  the  group  are  geometrically 
like  those  of  the  normal  group,  viz.,  tlie  base  (000^)  ;  the  unit  prism  (lOlO) ; 

the  diagonal  prism  (ll30);  the  unit  pyramids  (hOhl);  and  the  diagonal  pyra- 
mids {h'Jr'Zh'l).  That  their  molecular  structure  is  the  same  is  readily 
proved,  for  example  by  etching.  In  this  way  it  was  shown  that  pyromorphite 
and  mimetite  belong  in  the  same  group  with  apatite  (Baumhauer),  though 
crystals  with  the  typical  forms  have  not  been  observed. 

131.  Typical  crystals  of  apatite  are  given  in  Figs.  216, 217,  and  218  (a  basal 
section).  They  show  the  third-order  prisms  k  (4150),  h  (2l3o),  /*,  (123o),  and 
the  third-order  pyramids,  right,  fi  (2l3l),  n  (3lJl),  q  (437l),  o  (3lJ2),  left, 
t  (1232);  also  the  unit  pyramids  r  (10l2),  x  (lOll),  y  (202l),  z  (303l);  the 
diagonal  pyramids  v  (1122),  8  (llSl);  finally,  the  prisms  m  (lOlO),  a  (ll20), 
and  the  base  c  (0001). 

4.  PYRAMIDAL-HEMIMORPHIC  GROUP  (16).    NEPHELITE  TYPK 

132.  Syinmetry. — A  fourth  group  under  the  hexagonal  system*,  the  pyra- 
midal'hemimorphic  group,  is  like  that  just  described,  except  that  the  forms  are 
hemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent,  but  the 
Tertical  axis  is  still  an  axis  of  hexagonal  symmetry.  This  symmetry  is  shown 
in  the  spherical  projection  of  Fig.  219.  The  typical  form  would  be  like  the 
upper  half  of  Fig.  214  of  the  pyramid  of  the  third  order.  The  species  nephelite 
is  shown  by  the  character  of  the  etching-figures  (Fig.  220,  Groth  after  Baum- 
hauer)  to  belong  here. 

219.  220. 
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Nephelite. 

5.  TRAPEZOHEDRAL  GROUP  (17). 

133.  Symmetry. — The  last  group  of  this  division  is  the  trnpezohedral  group. 
It  has  no  plane  of  symmetry,  but  the  vertical  axis  is  an  axis  of  hexagonal 

221.  222. 
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symmetry,  and  there  are,  further,  six  horizoutal  axes  of  binary  symmetry.  There 
is  no  center  of  symmetry.  The  distribution  of  the  faces  of  the  typical  form 
(hkll)  is  shown  in  the  spherical  prelection  (Fig.  2*21).  The  typical  forms,  the 
right  and  left  hexagonal  trapezohedrons  (see  Fig.  2:22),  are  enautiomorphouSy 
and  the  few  crystallized  salts  falling  in  this  group  show  circular  polarization. 
The  symbols  of  the  right  form  (2l33)  are  as  follows  : 

Above  2133,     l323,     3213,     2l33,     l323,     33l3. 

Below  1233,    33l3,    3l2S,    1333,    23l3,    3123. 


B.    Trigonal  or  Rhombohedral  Division. 

134.  General  Character. — As  stated  on  p.  65,  the  groups  of  this  diyision 
are  characterized  by  a  vertical  axis  of  triffonal,  or  threefold,  symmetry.  There 
are  seven  groups  here  included  of  which  the  group  of  the  Calcite  'I'ype  is  by 
far  the  most  important. 

185.  Trigonotype  Group. — The  first  group  (18),  that  which  has  strictly  the 
223.  224.         nighest  grade  of  symmetry,  has 

no  known  representatives  among 
crystals,  natural  or  artificial.  It 
has,  besides  the  vertical  axis  of 
trigonal  symmetry,  three  hori- 
zontal axes  of  binary  symmetry. 
There  are  four  planes  of  sym- 
metry, one  horizontal,  and  three 
others  intersecting  at  angles  of 
60°  in  a  vertical  axis.  The  char- 
acteristic forms  are  the  trigonal 
prism' and  pyramid  and  ditrigonal 
prism  and  pyramid.  The  sym- 
metry is  exhibited  in  Fig.  223.  The  typical  form  (Fig.  224)  is  a  double 
ditrigonal  pyramid  with  terminal  edges  alike  in  alternate  sets  of  three  each. 
Tliis  form  may  be  compared  to  a  scalenohodron  twinned  about  the  vertical  axis. 

2.  RHOMBOHEDRAL   GROUP  (19).    CALCITE   TYPE. 

136.  Typical  Forms  and  Symmetry.  —The  typical  forms  of  the  rhombohedral 
group  are  the  rhombohedron  (Fig.  226)  and  the  scalenohedron  (Fig.  242). 
These  forms,  with  the  spherical  projection,  Figs. 
225  and  252,  illustrate  the  symmetry  character- 
istic of  the  group.  By  comparing  Fip.  252  with 
Fig.  200,  p.  70,  it  will  be  seen  that  all  the  faces 
in  half  the  sectants  are  present.  This  group  is 
hence  analogous  to  the  tetrahedral  group  of  the 
isometric  system,  and  the  sphenoidal  group  of  the 
tetragonal  system. 

In  this  group  there  are  three  planes  of  sym- 
metry only;  these  are  diagonal  to  the  crystallo- 
graphic  axes  and  intersect  at  angles  of  60°  in 
the  vertical  crystallographic  axis.  This  axis  is 
with  these  forms  an  axis  of  trigonal  symmetry; 
there  are,  further,  three  horizontal  axes  of  binary  symmetry. 
225,  also  Fig.  226  et  seq. 


226. 
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137.  Bhombohedron. — Geometrically  described,  the  rhombohedron  is  a  solid 
bounded  by  six  like  faces,  each  a  rhomb.  It  has  six  like  lateral  edges  forming 
a  zigzag  line  about  the  crystal,  and  six  like  terminal  edges,  three  above  and 
three  in  alternate  position  below.  The  vertical  axis  joins  the  two  trihedral 
solid  angles,  and  the  lateral  axes  join  the  middle  points  of  the  opposite  sides, 
as  shown  in  Fig.  v*26. 

The  general  symbol  of  the  rhombohedron  is  (hO/il),  and  the  successive  faces 
of  the  unit  form  (lOll)  have  the  symbols  : 

Above,  1011,    IlOl,    0111;        below,  OllI,    lOll,     llOl. 

The  geometrical  shape  of  the  rhombohedron  varies  widely  as  the  angles 
change,  and  coiisequeutiy  the  relative  length  of  the  vertical  axis  i  (expressed 
in  terms  of  the  lateral  axes,  a  =  I).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened ;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  with  an  octahedral  axis 
vertical  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90*".  In  Fig.  226  of  calcite  the  normal  rhombo- 
hedral  angle  is  74°  55'  and  d  =  0-854,  while  for  Fig.  228  of  hematite  this  angle 
is  94°  and  ^.  =  1-366.  Further,  Figs.  229-234  show  other  rhombohedrons  of 
calcite,  jiamely,  e  f0112),  0  (0554),  /  (022l),  .V(40}l),  and  r  (13-0-I3-1), 
p  (16*0  16-1),  here  the  vertical  axes  are  in  the  ratio  of  |,  f,  2,  4,  13,  16,  to  that 
of  the  fundamental  (cleavage)  rhombohedron  of  Fig.  226,  whose  angle  deter- 
mines the  value  of  i, 

226.  227.  228. 


138.  Pins  and  Minns  Bhombohedrons. — To  every  plus  rhombohedron  there 
may  be  an  inverse  and  complementary  form,  identical  geometrically,  but 
bounded  by  faces  falling  in  the  alternate  sectants.  Thus  the  minus  form  of 
the  unit  rhombohedron  (Olll)  shown  in  Fig.  227  has  the  faces: 

Above,  0111,    Ion,.    lIOl;        below,  TlOl,    0111,     lOlI. 

The  position  of  these  in  the  spherical  projection  (Fig.  252)  should  be 
carefullv  studied;  see  also  Fig.  262.  Of  the  figures  alreadv  referred  to,  Figs. 
226,  228,  232,  233  are  plus,  and  Figs.  227,  229,  230,  23rminus,  rhombohe- 
drons; Fig.  234  shows  both  forms. 

It  will  bo  seen  that  the  two  complementary  plus  and  minus  rhombohedrons 
of  given  axial  length,  that  i?,  of  given  jinirle, V.^.,  lOll  (-h  7?)  and  Olll  (—  B), 
together  embrace  all  the  like  faces  of  tlie  double  six-sided  pyramid.  When 
these  two  rhombohedrons  are  equally  developed  the  form  is  geometrically 
identical  with  this  pvran)id.  This  i<  illustrated  by  Fig.  237  of  gmelinite 
r  (lOll),  p  (Olll)  and  by  Figs.  266,  267,  p.  83,  of  quartz,  r  (lOll),  z  (Olll).* 

*  Quartz  serves  as  a  convenient  illii^tnition  in  this  case,  none  the  leas  so  notwithstanding 
the  fact  that  it  belongs  to  the  trapezohedral  group  of  this  division. 
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Id  each  case  tlic  form,  which  is  geometrically  an  hexagonal  pyramid  (in  Fig. 
237  with  c  and  m),  is  iu  fact  a  combination  of  the  two  unit  rhombohedrons, 
plus  and  minus.  Commonly  a  ditference  in  size  between  the  two  forms  may 
be  observed,  as  in  Figs.  336  and  368,  where  the  form  taken  as  the  plus  rhombo- 
hedroti  predominates.  But  even  if  this  distiuction  cannot  be  established,  the 
two  rhombohedrons  can  always  be  distinguished  by  etching,  or,  as  in  the  case 
of  quartz,  by  pyro-electrical  phenomena. 

233.  234. 


FIgB.  329-389.  Calcile.  PIgt.  S>«.  fv*,  OeiieUDtte. 
139  Of  the  two  series,  or  zones,  of  .hrmbohedrons  the  faces  of  the  plat 
rhombohedrons  replace  the  edges  betwrto  the  base  (0001)  and  the  unit  prism 
(lOlO),  Also  the  faces  of  the  minti.'i  fhnmbohedront  replace  tlie  alternate  edgea 
ol  the  same  forms,  that  is,  the  ed^s  oetweeii  (0001)  and  (OlIO),  (compare  Figa. 
236.  237,  etc.).     Fig.  338  showi  the  rhombohedron  in  combination  with  A* 


FIgi  288,  239,  Hematite, 
base    Fig.  239  the 


Coquimblle. 
nth  the  prism  n(ll30). 


When  the  angle  between  tha 
two  forms  happens  to  approximate  to  70'*  33'  the  crystal  simulntea  the  aspect 
of  a  rcgnlar  octahedron.     This  is  illustrated  by  Fig.  240;  here  co  =  69"  W, 
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sleo  00  =  71°  22',  imd  the  crystal  resembles  closely  an  octahedron  with  trun- 
cated edges  (cf.  Fig  77,  p.  36). 

140.  There  is  a  very  simple  relation  betweeu  the  plus  and  minus  rhombo- 
hedrons  which  it  is  important  to  remember.  The  form  of  one  series  which 
truncates  the  terminal  edges  of  a  given  form  of  the  other  has  half  the  length 
of  the  vertical  axis,  and  this  ratio  lE  expressed  in  tbe  values  of  the  indices 

of  the  two  forma.     Thus  {0113),  or  —  -  R,  truncates  the  terminal  edges  of 
the  plus  Quit  rhombobedrOD  (lOll),  or  R;  (lol4),  or  +  jR,  truncates  ths 

terminal  edges  of  ^OlTS),  or  —  5  R,  10l5  ol  (2055).     Again  (lOil),  or  +  j; 

trnncates  the  edges  of  (0221),  01  -  2R;  (4041),  or  +  4R,  of  025l,  or  -  8^ 
«tc.     This  is  illustrated  by  Fig.  235  with  the  forms  r  (1011)  and  /  (0251).  » 
Also  in  Fig.  341  a  basal  projection,  z  (10l4)  tnincatea  the  edges  of  «  (01l2), 
e(0lT2)of  r(10!l);  r  (llOl)  of  s  (023l). 

141.  Scalenohedron.— The  acaUnohedron,  shown  in  Fig.  342,  is  the  general 
form  for  this  group  corresponding  to  the  symbol  hkil  -  It  ie  a 
solid,  bounded  by  twelve  faces,  eacli  a  scalene  triangle.  It  has 
ronghly  the  shape  of  a  double  six-sided  pyramid,  but  there  are 
two  sets  of  terminal  edges,  one  more  obtuse  than  the  other, 
and  the  lateral  edges  form  a  zigzag  edge  around  like  that  of 
tbe  rhombohedron.  Like  the  rhombonedrous.  the  acaleno- 
hedrons  may  bo  either  plus  or  minus  according  as  to  whether 
the  faces  are  symmetrical  to  the  zone-circle  lOTO,  0001,  or  to 
Olio,  0001.  The  former  plus  forms  correspond  in  position  to 
the  plus  rhombohedrons  and  conversely. 

The  pins  scalenohedron  (2l3l),  Fig.  243)  has  the  following 
symbols  for  the  several  faces: 

Above    3l3l,    33ll,    3211,    1331,     l321,     3l5l, 

Below     1231,     I3SI,     3l3l,     2T3l,     234i,     3S1I.  gcaleiwhadreiu 

For  the  complementary  minus  scalenohedron  (133l)  the  symbols  ot  tli» 
faces  are: 

Above     1331,  I33l,    3l21,    ST31,     23il,    32Il. 

Below    2311,  3211,    1231,    l32l,    3l3T,    2l3I. 

148.  BaUtioB  o(  Soklanohtdrou  u  BlioiiilMhedroiu. — Ii  was  ooted  nbove  that  rtn  acaleoo- 
heiiroD  In  funeral  bfts  a  series  of  zijczag  laleral  edKes  tike  the  rbomboliedroa.  It,  Is  obvfoua, 
funber,  ttut  for  every  rlioiiibotiedroii  tbere  will  be  a  series  or  zone  of  icaleuohedroDi 
baviiiK  tbe  lonw  lateral  edges.  Tbis  ts  ahowu  in  Fig.  245,  wbere  tbe  tcaleuobedroD 
v(2ldl)  bevels  the  lateral  e(li;ea  of  Iht^  fuudiimental  rbombohedron  r  (1011):  tbe  ume 
would  be  irue  of  tbe  stale tiobeilrou  (33Sl),  etc.  FurtUtr,  Iti  Fig.  246.  the  mttiiis  soileno- 
bcdrOD  X  '18J1)  bevels  tbe  laleral  edges  ot  Ibe  minus  rbonili»bcdr<iii / i02Sl ).  Tbe  relation 
of  tbe  Indices  whic^b  must  exist  Ju  tbese  casit  mny  be  sbowu  to  be.  for  example,  for  tbe 
rbonibobedron  r  (lOll),  k  =  k  +  l;  agnln  for/(03S[),  h  +  21  =  k.  etc.  See  nlso  the  pro 
jeclion.  Fig.  252. 

Fiirtber.  tbe  posflion  of  tbe  scale  nob  eiiroo  may  be  defined  wttb  reference  to  lis  parent 
TbombobedroD.  For  example,  in  Fig.  245  tbe  BCnlenohedroo  «  (3l3l)  hw  three  limes  tbe 
vertical  axis  of  tbe  unit  rliomlmhedron  r  (lOlU.  Again  In  Fig  246  x  (1841)  baa  twice  tbe 
Terliol  BZiaof /(0S31).  Hence  the  system  of  symbols  devised  by  Naiimnnn  to  express 
tbla  relation,  written  In  general  mRn  or  (in  Dnne'ii  System  m*),  where  llie  n  expresse*  tbe 
Jnulliple  value  ol  tbe  vertical  ails  corretponding  to  tbe  rhombobedroQ  mR.    The  symbol 
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Of  «  Is  ou  tLiB  ByBtem  R3  or  I',  8D(1  or  *  -  2R,,  or  -  2'.    If  mPn  ta  the  symbol  of  a  BcaleDO- 
bedroa  on  Ihe  hezaguDul  Ijpe  aud  m,Rn,  ILut  refened  iu  this  way,  ii  miiy  be  showD  that 

m(a-n)      „._       n_       ,. _  2n 


Figi.  34?  348,  Corundum 


Figs  34S.  3S0,  SpangutiU 


143.  Other  Formi. — The   remaining   forma  of  the  normal  group  of  the 
rhombohedral    division    are    geometrically    like 

those  of  the  correBponding  group  of  the  hexa- 
gonal system — viz.,  the  baae  c  (0001);  the  prisms  """' 
m  (lOlO),  «  (llSO).  {/ikW)i  also  the  diagonal 
pvramide,  as  (ll3l).  Some  of  these  forms  are 
shown  in  the  accompanying  figures.  For  further 
illnstrations  reference  may  be  made  to  typical 
rhombohedral  species,  as  calcite,  hematite,  etc.         , 

With  respect  to  the  diagonal  pyramid,  it  is 
interesting  to  note  that  if  it  occurs  alone  (as  in 
Fig.  847,  H  =  2243)  it  is  impoBsible  to  say,  on 
{geometrical  gronnde,  whether  it  has  the  trigonal 
symmetry  of  the  rhombohedral  type  or  the  hexa- 

einnl  symmetry  of  the  hexagonal  type.  In  the 
tter  case,  the  form  might  be  made  a  nnit  pyramid  by  exchanging  the  axial 
fend  diagonal  planes  of  symmetry.  The  true  symmetry,  however,  is  often 
ifidicHted,  as  with  nnrnndum.  bv  the  ocf^urrence  on  otJier  crvstals  of  rhombo- 
-  'Kedral  facei,  as  r  (lOTl)  in  Fig-  348  fhere  2  =  -'341.  m  =  I4-14'5§-3).  Even 
if  these  are  absent  (Fig.  2491.  the  ptrhingficiires  (Fig.  250)  will  often  serve 
to  reveal  the  true  trigonal  moleenlar  symmetry;  here  »  =  ill54),  p  =  (11 32). 

144.  A  basal  projection  of  a  somewhat  complei  crystal  of  calcite  is  given 
hi  Fig.  361,  and  a  spherical  projection  for  the  same  species  in  Fig.  262;  both 
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ehov  well  the  aymmetry  in  the  distribution  of  the  faces.    Here  the  forms  are: 

prisniB,  a  (ll50),  m  (lOTO);  rhombohedroDS,  plus,  r  (1011),  minns  «  (0ll2), 

0(0554),/ (0^31);  scaleuohedroQS,  plus,  v  (3l3l),  ^  (3l34),  minus,  x{132l}. 

253. 


3.    BHOMBOHEDRAL-HEMIMORPHIC  GROUP  (20).    TOtTR- 

MALINE  TYPE. 
14S.  Symmetrf. — A    number    of    prominent    rhombohedral    species,  M 
tourmaline,  pyrargjrite,  proiistite,  belong  to  a  heminiorphic  group  under  this 
nci  division.     For  them  the  symmetry  in  the  group- 

ing of  the  faces  differs  at  the  two  extremities  of 
the  vertical  axis.  The  forms  have  the  three 
diagonal  planes  of  aymmetry  meeting  at  angles 
of  tiO"  iu  the  vertical  aiia,  which  is  an  axis  of 
trigonal  symmetry.  There  are,  however,  no 
horizontal  axes  of  symmetry,  as  in  the  rhombo- 
hedral  gronp,  and  there  is  no  center  of  sym- 
metry.    Cf.  Fig.  353. 

146.  Typicu  Forms.  —  In    this    group  the 
baanl   planes   (0001)    and    (OOOT)   are  distinct 
forms.     Tlio  other  characteristic  forms  are  the 
two  trigonal  prisms  m(lOlO)  and  ni,  (OlIO)  of  the 
Doit  aeries;  aIbo.  the  four  trigonal  unit  pyramids,  corresponding  respectively 
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to  the  three  upper  and  three  lower  faces  of  a  phis  rhombohedron,  and  the 
three  upper  and  three  lower  faces  of  the  miuus  rhombohedron;  also  the 
heiiijmorphic  diagoual  hexagoiiHl  pyramid;  finally,  the  four  ditrigonal  pyra- 
mids, corresponding  to  the  upper  and  lower  faces  respectively  of  the  plus  aod 
minus  ecalenohedrons.  Figs.  254-357  illustrate  these  forms.  Fig.  256  is  « 
6asal  Bcction  with  r,  (OllI)  and  e,  (10l3)  below. 


Tigs.  964-StiT,  TounnaliDe,  i 


I  (loio), 
;  (lOia), 


'i,(OiiO).  ..(llSO),  il  (4l80),  r  (l(fll),  <>(osSa   'I 
II  (82$t).  X  (12Sa). 


4.  TRI-RHOMBOHEDRAL  GROUP  (21).    PHENACITE  TYPE. 


147.  Symmetry. — This  gi-oup,  illustrated  by  the  species  dioptase,  pheDadti^ 


willemite,  dolomite,  ilmenite,  etc.,  is  an  impor- 
tant one.     It  is  characterized  by  the  absence  of 


all  planes  of  symmetry,  but  the 
still  un  axis  of  trigonal  e; 


a  vertical  axis  i 
!  trigonal  symmetry,  and  there  IB 
a  center  of  symmetry.     Cf.  Fig.  258. 

148.  Typical  Fonns.— The  dtstinctiTe  forms 
of  the  group  are  the  rhombohedron  of  tbe  second 
order  and  the  hexagonal  prism  and  rhombo- 
hedron, each  of  the  third  order.  The  group  is 
thus  characterized  by  three  distinct  rhombobe- 
drons  (each  -|-  and  — ),  and  heoce  the  name 
given  to  it. 

The  complementary  plus  and  minus  rbombo- 
hedrons  of  the  second  order  together  embrace  all  the  faces  of  the  diagotul 
pyramid  of  the  normal  group.  For  example,  in  a  given  case  the  faces  for  tt* 
plus  and  minus  forms  are: 


K7\ 

...... ...v. L 

A    °        : 

^     7  K     J 

V V 

Plut       (abo>e)    US2,    Sll3,    1S12;     (below)    I2IS,    1125,    21; 
Minm    (above)    I2I2,    II22,    21121     (below)    SUS,    1515, 


^1. 
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The  rhombohedron  of  the  third  order  has  the  general  symbol  (hkil),  and 
the  symbols  of  the  six  like  faces  of  the  plus  right-handed  form  (3l3t)  are: 
Above  2lSl,  5211,  1321;  below  l33I,  3l3l,  3511. 
There  are  three  other  complementary  rhombohedron s,  distiognished 
respectively  as  plus  left-handed  (3l3l),  minus  right-handed  (l33l),  and  minus 
left-handed  (IS3L).  These  four  sets  of  faces  make  up  the  twenty-four  like 
faces  of  the  dihexagonal  pyramid  of  Fig.  201.  In  Fig.  259  (drawn  in  the 
reverRe  position)  tlie  minus  right-hauded  form  (13^2)  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihexagonal  prism  (Fig.  197).  The  faces  in  a 
given  case  (21^0)  have  the  symbols: 

Bight      2l30,      I330,      3210,      3130,      l320,      32l0, 
Left         1230,      S3lO,      5120,      1330,      23l0,      SlSO. 
149.  The  remaining  forms  are  geometrically  like  those  of  the  rhombohedml 
group,  viz.:  Base  c(OOOl);  unit  prism  m  (lOlO);  diagonal  prism  a  (llSO); 
rhombohedrons  of  the  Srst  order,  as  (lOll)  and  (Olll),  etc 

ae9.  960.  a«i. 


(if                     ^A 

^7\ 

/  to,   x™ 

160.  The  forms  of  this  group  are  best  illustrated  by  the  crystals  of  th« 
«peoies  phenacite,  with  which  the  minus  right  rhombohedron  x  (l332)  is  not 
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infrequently  the  predominating  form,  as  in  Fig.  259.  The  true  position  ol 
this  rhombohedron  is  shown  by  its  relation  to  the  prisms  m  (lOlO)  and  a  (llSO). 
A  more  complex  crystal  of  the  same  species*  is  given  in  Fig.  260,  and  a  basal 
projection  (in  normal  position)  is  sliown  in  Fig.  261.  The  faces  present  are: 
rhombohedrons,  first  order,  plus,  r  (1011 K  minus,  z  (Olll),  d  (0112);  second 
order,  right,  />  (ll53),  left,  ;;,  (2113),  oJ-^iZ-i) ;  third  order,  plus  right,  s  (2l3l), 
minus  left,  x^  (1232),  minus  right,  z  (1322). 

In  order  to  make  clearer  the  relation  of  the  faces  of  the  different  types  of 
forms  under  this  group.  Fig.  262  is  added.  Here  the  zones  of  the  plus  and 
minus  rhombohedrons  of  the  first  order  are  indicated,  also  the  plus  and  minus 
sectiints  corresponding  to  each. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  262.  It 
shows  the  distribution  of  the  faces  of  the  four  rhombohedrons  of  the  third 
order  (+  r,  +  /,  —  r,  —  Z)  relatively  to  the  faces  of  the  unit  hexagonal  prism 
(lOlO). 

Phbnacite  Type. 


-hi    +r 
8121  2lSl 

12Sl  1821 

+  1    +r 
2811  S211 

-^  -r 
8l21  2131 

1231  lS21 

-I    -r 
2S1I  8211 

lOiO 

Olio 

1 100 

1010 

0110 

lioo 

8iSI  2iSi 

4-;  +r 

12^1  i8§i 

-  ;  -r 
S8ll  S2ll 

4-^  4-r 
Sl2i  2181 

-;  -r 
1281  l82i 

2Sli  82il 

6.   TRAPEZOHEDRAL  GROUP  (22).    QUARTZ  TYPE. 


0/ 


r 


X 

"O 


151.  Symmetry. — This  ^roup  includes,  among  minerals,  the  species  quarts 
and  cinnabar.    The  forms  have  no  plane  of  symmetry  and  no  center  of  sym- 
metry; the  vertical  axis  is,  however,  an  axis  of 
^^^'  trigonal   symmetry,  and   there   are  also  three 

>&  ^^ "^^  horizontal  axes  of  binary  symmetry,  coinciding 

jr  ^  in  direction  with  the  crystalloeraphic  axes:  cf. 

/     \  /     \  Fig.  263. 

152.  Typical  Forms.  —  The  characteristic 
form  of  the  group  is  the  trigonal  trapezohedron 
shown  in  Fig.  264.  This  is  the  general  form 
corresponding  to  the  symbol  {hkU)y  the  faces 
being  distributed  as  indicated  in  the  accompany* 
ing  spherical  projection  (Fig.  263).  There  are 
^/  four    such    trapezohedrons,    two    plus,    called 

-^  respectively  ri^nt-handed   (Fig.  264)  and   left- 

handed  (Fig.  265),  and  two  similar  minus  forms, 
also  right-  and  left-handed  (see  the  scheme  given  in  Art.  154).  It  is  obvious 
that  the  two  forms  of  Figs.  264,  265  are  enantiomorphous,  and  circular 
polarization  is  a  striking  character  of  the  species  belonging  to  the  group  as 
elsewhere  discussed. 

The  symbols  of  the  six  faces  belonging  to  each  of  these  will  be  evident  on 


/ 


\ 


.». 


*  Drawn  with  the  zone  of  minus  rhombohedrons  in  front  to  better  show  the  modifying 
faces.    Fig.  259  is  similar. 
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266. 


3n8tilting  Figs.  263  and  209,  p.  70.  The  complementary  plus  forms  (r  and  I) 
t  a  given  symbol  include  the  twelve  faces  of  a  plus  scalenobedron,  while  the 
ices  of  all  four  include  the  twenty-four  264. 

ices  of  the  dihezagonal  pyramid. 

Corresponding  to  these  trapezohedrons 
acre  are  two  ditriqonal  prisma,  respectively 
ight-  and  left-handed,  as  (2l30)  and  (3l30). 

The  remaining  characteristic  forms  are 
le  right-  and  left-handed  trigonal  prism 
(ll2u)  and  a  (2lT0);  also  the  right-  and 
jft-handed  trigonal  pyramid,  2a  (ll22)  and 
2ll2).  They  include  respectively  the  faces 
f  the  hexagonal  prism  of  the  second  order 
Ll20)  and  those  of  the  corresponding  pyra- 
lid  (ll22);  these  are  shown  in  Figs.  196 
nd  200. 

153.  Other  Forms. — The  other  forms  of  the  group  are  geometrically  like 
bose  of  the_  normal  group.  They  are  the  base  c  (0001),  the  hexagonal  unit 
rism  m  (1010),  and  the  plus  and  minus  rhombohedrons  as  (lOll)  and  (OlIl)« 
'hese  cannot  be  distinguished  geometrically  from  the  normal  forms. 

164.  Illustrations. — The  forms  of  .this  group  are  best  shown  in  the  species 
uartz.  As  already  remarked  (p.  75),  simple  crystals  often  appear  to  be  of 
ormal  hexagonal  symmetry,  the  rhombohedrons  r  (lOll)  and  z  (Olll)  being 
qually  developed  (Figs.  26H,  267).  In  many  cases,  however,  a  difference  in 
lolecular  character Jbetween  them  can  be  observed,  and  more  commonly  one 
hombohedron,  r  (1011),  predominates  ;  the  distinction  can  always  be  made  out 
y  etching.  Some  crystals,  like  Fig.  268,  show  as  modifying  face?  the  right 
•igonal  pyramid  s  (ll3l),  with  a  right  plus  trapezohedron,  as  x  (5lfll).  Such 
rystals  are  called  right  handed  and  rotate  the  plane  of  polarization  of  light 
*ansmitted  in  the  direction  of  the  vertical  axis  to  the  right.     A  crystal,  like 


266. 


268. 


269. 


270. 


267. 


Figs.  266-270,  Quartz. 


'ig.  269,  with  the  left  trigonal  pyramid  s  (2     1)  and  one  or  more  left  trapezo- 
edrons,  as  x  (6l5l),  is  called  left-handed,  and  as  regards  light  has  tne  opposite 
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character  to  that  of  Fig.  268.  Fig.  270  shows  a  more  complex  right-handed 
crystal  with  several  plus  and  minus  rhombohedrons^  several  plus  rignt  trapeze* 
hedrons  and  the  minus  left  trapezohedron,  N, 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four  trape- 
zohedrons  (+  r,  -f  /,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal 
prism  (lOlO)  ;  it  is  to  be  compared  with  the  corresponding  scheme,  given  in 
Art.  150,  of  crystals  of  the  phenacite  type.  In  the  case  of  the  minus  forms, 
some  authors  prefer  to  make  the  faces  2L3I,  1231,  etc.,  righi,  and  3l3I,  l3Sl, 
etc.,  left. 

Quartz  Ttpb. 


8121  3lSl 

1281  1821 

S811  8211 

-  i  -r 
8121  2i81 

1281  1821 

2SII  8211 

loio 

Olio 

1100 

1010 

Olio 

1100 

-r  -  I 
8l3l  2lSl 

+  r  +1 
1281  I82i 

2811  8211 

+  r    +i 
8121  2181 

i§8i  l82i 

281I  8211 

166.  Other  Oroups. — The  next  group  (23)  has  one  plane  of  symmetry — that 
of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry — the  vertical  axis. 
There  is  no  center  of  symmetry.  Its  characteristic  forms  are  the  three  typea 
of  trigonal  prisms  and  the  three  corresponding  types  of  trigonal  pyramids* 
Cf.  Fig.  271. 

271.  272. 
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The  last  group  (24)  has  no  plane  of  symmetry  and  no  center  of  symmetry, 
but  the  vertical  axis  is  an  axis  of  trigonal  symmetry.  The  forms  are  all  hemi- 
morphic,  the  prisms  trigonal  prisms,  and  the  pyramids  hemimorphic  trigonal 
pyramids.  Cf.  Fig.  272.  Neither  of  these  groups  is  known  to  be  represented 
among  crystals. 

Mathematical  Relations  of  Tmc  Hexagonal  System. 

166.  Ghoioe  of  Axii. — The  position  of  tbe  vertical  crystallographic  axis  Is  fixed  in  all  the 
groups  of  this  system  since  it  coincides  with  the  axis  of  hexagonal  symmetry  in  the  hex* 
agonal  division  and  that  of  trigonal  symmetry  in  the  rhombohedral  division.  The  three 
lateral  axes  are  also  fixed  in  direction  except  in  the  normal  group  and  the  subordinate 
hemimorphic  group  of  the  hexagonal  division  ;  in  these  there  is  a  choice  of  two  poeitioos 
according  to  which  of  the  two  sets  of  vertical  planes  of  symmetry  is  taken  as  the  axial  aet 

167.  Axial  and  Angnlar  Elements.— The  axial  element  is  the  length  of  the  vertical  axis,  4 
in  terms  of  a  lateral  axis,  a ;  in  other  words,  the  axial  ratio  of  d\h,    A  single  measurad 
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angle  (in  any  zone  but  the  prismatic)  may  be  taken  as  the  fundamental  angle  from  which 
the  axial  ratio  can  be  obtained. 

The  angular  element  is  usually  taken  as  the  angle  between  the  base  e  (0001)  and  the  unit 
pyramid  (1011).  that  is,  0001  a  1011. 

The  relation  between  this  angle  and  the  axis  h  is  given  by  the  formula 

tan  (0001  A  1011)  X  ^V^  -  i 

The  yertical  axis  is  also  easily  obtained  from  the  unit  diagonal  pyramid,  ginoe 

tan  (0001  A  1122)  =  L 
These  relations  become  general  by  writing  them  as  follows: 

tan  (0001  A  AOAZ)  x  ^^8  =  j  X  <; 

tan  (0001  A  h'h'2ht)     .      =  ^A  x  i. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on 
the  spherical  projection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
solution  of  sphencal  triangles,  or  by  the  application  of  both  methods.  In  practice  most  of 
the  triangles  used  in  calculation  are  riebt-aneled. 

168.  Tangent  and  Cotangent  Belat!oni.--^he  tangent  relation  holds  good  in  any  zone 
from  e  (0001)  to  a  face  in  the  prismatic  zone.    For  example: 

tan  (0001  A  hOJil)  _  n^  ^    tan  (0001  A  hh-f^l)  _  2A 
tan  (0001  A  lOll)  "  i  '       tan  (0001  A  1122)     ""    I " 

In  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form ;  for  example,  for  a. 
dihexagonal  prism,  AiHO,  as  (2l80): 


cot  (lOiO  A  hm)  =  ^^JA|/^ . 
cot  (Il50  A  ^*iO)  =  •^i^f'S. 


h-k 

The  sum  of  the  angles  (1010  A  hklO)  and  (llSO  a  hkiO)  is  equal  to  80*. 

Further,  the  hist  equations  can  be  written  in  a  more  general  form,  applying  to  any 
pyramid  (?ikU)  in  a  zone,  first  between  lOiO  and  a  face  in  the  zone  OOOl  to  OlIO.  where  the 
angle  between  1010  and  this  face  is  known;  or  again,  for  the  same  pyramid,  in  a  zone 
between  1120  and  a  face  in  the  zone  0001  to  1010,  the  angle  between  1120  and  this  face 
being  given.  For  example  (cf.  Fig.  200,  p.  70).  if  the  first- mentioned  zone  is  lOlOAAri^OlIl 
%nd  the  second  is  lliOhklllOil.  then 


and 


cot  (lOiO  A  hkll)  =  cot  (lOiO  A  Olil) .  ^A±-* , 


cot  (Il50  A  hkll)  =  cot  (ll50  A  lOil) .  4^' 


Also  similarly  for  other  zones, 

cot  (lOiO  A  hkll)  =  cot  (lOiO  A  0221).  ^^^^  etc 

cot  (ll20  A  hkll)  =r  cot  (1010  A  205l) .  A±_|,  etc 
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169.  Other  Angular  Belationi. — The  following  simple  relations  are  of  frequent 

(1)  For  a  unit  iiexuyonal  pyramid 

Un  i(10il  A  0111)  =  sin  ^V\*  ^^erc  tan  ^  a  ^ 
And  in  genera] 

tan  i  (hm  A  OAAO  «  sin  ^,Vi,  where  tan  ^  =  ^i. 

(2)  For  a  diagonal  pyramid,  as  (1122), 

2  sin  i(1122  a  1212)  =  sin  i,       and       tan  ^  =  & 
(8)  For  a  rhombohedran 

sin  i  (1011  A  ilOl)  =  sin  ai/j,  where  a  =  (0001  A  lOll); 
in  general 

sin  i  (?iOhl  A  ?A0l)  =  sill  a.f/f ,  where  a.  =  (0001  A  hOhl). 

160.  Zonal  Eelationt. — The  zonal  equHtions.  described  in  Arts.  43,  44,  apply  here  as  in 
other  systems  only  that  it  is  to  be  noted  that  one  of  the  indices  referring  to  the  lateral  axes, 
preferably  the  third,  »,  is  to  be  dropped  in  the  calculations  and  only  the  other  three  em* 
ployed.  Thus  the  indices  (u,  v,  w)  of  the  zone  in  which  the  faces  (hkll),  (pgri)  lie  are 
given  by  the  scheme 

h       k       I       h       k 


XXX 


-where  u  =  kt  ^  ql,        y  =  Ip  •-  ht,        vr  =  hq  ^  kp. 

For.  example  fPig.  216),  the  face  u  lies  in  the  zone  ms,  1010  1121  and  also  in  the  zone 
m'y,  OliO'**'02t.  For  the  first  zone  the  values  obtained  are  :  u  =  0,  v  —  I,  w  =  1;  hence 
for  any  face  in  this  zone  ihe  relation  k  =  I  holds  true.  Similarly  for  the  second  zone 
-«  =  1,  /  ■=  0,  ^  =  —  2,  or  A  =  2^.  Therefore  the  symbol  of  the  given  face  is  given  either 
by  the  scheme 

0       i       1       0       i 

1 0 2 1 0 

2  1  1 

or  from  the  two  equations  k  =  I  and  h  =  21.  The  face  a  has.  therefc»re,  the  symbol  2l8l, 
since  further  t  =  —  (^  -f  k). 

161.  Formnlai. — The  following  formulas  are  sometimes  useful: 

(1)  The  distances  (see  Fi^.  209)  of  the  pole  of  any  face  {?ikU)  from  the  po!es  of  the  facet 
<10lO),  (Olio).  (1100),  and  (0001)  are  given  by  the  following  tquations: 

cos  PA  =  cos  {hklt)  (1010)  =  H^-^^^) 


cos  PB  =  cos  (hkil)  (Olio)  = 


|/3/«  +  4<^«(A*  -]-k'*  -i-  hk) 

h(2k-\-7L) 

^W  -+-^'(^'*  -h  A;«  -h  hk) 

Hh  -  k) 

cos  PM  =  cos  (hki[)  (ilOO)  =     , , 

^  ysr  -f  4^«(;i*  +  /k«  +  hk) 
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COS  PO  a  008  (hkU)  (0001)  =  ,     ^^ 

V'6£^  -f-  46\h*  4-  *«  +  /**) 

(2)  The  distance  (PQ)  between  the  poles  of  any  two  faces  P  (hkil)  and  ^(pqrt)  U  gfyen 
by  the  equation 

^^nn       Ztt  +  2hHhq  +  pk  +  2hp -h  2kq) 

COB  irS^  =5  


V[^  +  ^W  4-  **  4-  ^^)]  [3^  +  4<^'(P*  +  5*  +  P9)] ' 

(3)  For  special  cases  the  above  formula  becomes  simpUtied;  it  serves  to  give  the  yaluo 
of  toe  normal  angles  for  the  several  forms  in  the  system.    They  are  as  follows: 

(a)  HexagoJMA  Pyramid  (AOA/).  Fig.  199: 

COS  X  (terminal)  «  3^  ^  ^t]^  \     cos  Z  (basal)  g -^  ^  ^,^ 

(6)  Diagonal  piframid  {hh'2h'iy  Fig.  200 : 

cos  Y  (terminal)  =  jq-^j^ ;     cos  Z  (basal)  =  ^-j-g^^ 
(e)  IMtow^i^Jial  i^rafliAf  (AM): 

co>x(seeFig.aoi)=  8^:;4jS4^:!;,  ;^)> 

CM  Y(see  Fig.  201)  =  ^^rqrifjSrqnFT^- 

4^«(7i«  +  A;t  4.  ^;fc)  ,  3fl 
Z(basal)  ="  8/>  +  4^A«  +  *•  +  A*) • 

(<)  JMmagmua  Prim  (AA:iO),  Fig.  197: 

v/    11%       A«  +  **4-4A*  ^  , ,, ^  ^      2A«  +  au  -  1^ 

(t)  .B«0niMU(2fm  (10ll> 

8<*  *  2A*^ 
cos  X  (terminal)      ■•  grfl^ty 

«-.      ^     ^.nx      8^  +  2<5(2A*  +  2AJfe-A«) 
oosX(seeFIg.242)-  8iMr4^*(A«  +  A>  +  AJfc)' 

(see  gig  242)  =»  ^^  +  ^?^' -^  ^^*  -  ^. 
(see  ng.  .«^j  =»  8^  +  4a«(A« -f- **  +  AA)* 

•  ^.      ^  2iW  +  A»  +  4AA:) -8^ 

O0tZ(ba8sn  »  8P4.4^(/,._i.A;«  +  A*)- 
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189.  Ab(1m. — Tbe  angles  for  Boma  commooly  occurrtog  priami  are  given  In  tl» 
follow! UK  table: 

ffl  (1010.  i) 

Biao  ti  8'  5r 

4lS0  t-1  10   581 

8140  H  19   54 

02^0  i-l  16      0 

8ld0  H  1^     ot 

32fiO  f-f  2S  24) 

5400  «^  ea    10) 


a(ll30.  ^3} 
2V  V 
1ft  St 
16  8 
18  54 
10  S8t 
a  S5| 
3    40} 


les.  The  Khombohadnl  Sfitein  of  KUlar.— Tbe  follonlog  projeclioD  (F!g.  378)  is  added 

Id  order  to  ebow   tbe  relutiou  ol   tlie   forms  Id   tbe  bi;iagouii1   ayitlein   as  referred  bf 

213,  Niller  to  tlireu  tijual  oblique  uces  pnritllel 

to  tlie  fact»  of  the  fuudiineuial  rbombo- 

m  bedruu.     Tbe  forms  are  Hs  follows : 

Tlie  fscus  biiving  tbe  iudiees  lUU,  OlOt 
001  are  lliose  of  tbe  (plus)  fundsueutst 
rbombobnlrou.  wbile  ibe  face  111  la  tli» 
base.  Tbe  faces  22l,  iH,  SiS  *re  tboB* 
of  tbe  uIdus  fuudaroeatal  rbombobedrou; 
witb  100,  010,  001  tbej  form  tbe  unli 
bexngonat  pymmld. 

Tbe  faces  of  (be  bexagoDal  unit  prtsni, 
m  (lOiO),  bsve  tlie  sjmboU  Hi.  IIS,  i2!, 
OU  211.  lis,  iSl.  Tboee  of  tbe  secoutl.  or 
diagonal,  beiagonsl  prism,  a  (Il3o),  lisf» 
the  symbols  101,  Oil,  110,  fOl,  Oil, 
110. 

Tbe  dlLeiagonal  pytamfd  embraces, 
like  the  simple  hexsgnnal  pyramid,  twfr 
forms  {hJii)  ami  {^g):  of  tbese  Ibe  symlxil 
Ihkl)  beiice  belong  to  tlie  plus  scalenolw- 
drou,  and  (ffg)  lo  the  minus.  In  tbis  as  ht 
other  cases  it  Is  true  tb^it  e  =  3A  +  at-I, 
f=2h-k  +  2l.g=-h  +  3t  +  2L  For 
exnnipie.  the  faces  210,  SOI.  031.  I30.  lOS;. 
OlS  (Fig.  378)  belong  in  the  Rbombohedral  Division  of  this  system  to  tbe  scaleDohedroa 
12ldl).  Tbe  comiilemeulsry  niiiiue  scsleDohedroD  would  bare  the  faces  024,  etc  Tlw 
tweuly-four  faces  of  Ihese  two  forms  Inken  together  would  embrace  ail  the  faces  of  th« 
diheiagoiial  pvminid  of  ihe  Hexagonal  DiTlsloii  (2l6l).    Cf.  Fig.  30B,  p.  TO,  and  Fig. 


lin. 

"^ 

^0 

//o. 

g.-"^ 

^ 

^ 

iffiV/ 

tI^\     \i2l 

K" 

A/ 

7 

v>% 

\  /  yl^ 

\ 

upff- 

{ 

Y^ 

4^^  / 

m\^ 

4 

< 

/ 

i 

i 

V' 

remiiiiiliifE  six  of  Hie  form  <^0). 

It  is  seen  at  once  that  the  Indices  (dren  above  are  those  of  the  isometric  system,  where 
the  cube  cOTi-enpoiidH  to  a  rhombobedroD  of  00°;  tbe  projection  of  Fig.  110,  p.  41,  la  lirougbC 
into  relation  witb  the  above  if  an  oetaliedral  axis  la  placed  vertical. 

Tbe  Inconvenience  of  baving  tlie  faces  of  the  »tme  form  (B.p.,  tlic  dibexu!n)na1  prism  or 
pyrnmid  of  lieryl)  represented  by  two  sets  of  Indices  Ib  obvious,  and  this  method,  fotnidiiced 
by  Hiller,  Is  now  Bcldom  employed  Thin  objection,  however,  di)<aT>pears  If  tbe  axes  nnd 
Indices  described  are  used  for  rliombobedial  forms  only,  that  Is.  for  forme  liel'in^Dg  to  the 
groups  which  in'c  rhiiractcrlzed  by  a  vertical  axis  of  irignnal  symmetry.  Tliis  Is  tlift 
method  adopted  by  Qnitb  (1885).  It  ts  believed  by  the  author,  however,  that  tbe  mutual 
relaiioijsof  all  the  groups  of  botb  divisions  of  ti:e  hexagonni  system  among  Ibcmselves  (as 
»1so  lo  the  rroiips  of  the  tetragonal  system),  hotli  moniboiogical  and  pbvslcal,  are  beat 
brought  out  Dy  keeping  throughout  the  same  axes,  namelj,  those  of  Fig.  lOd,  Art  lU. 
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IV.  ORTHORHOMBIC  SYSTEM. 

164.  The  Orthokhombic  System  includes  all  the  forms  which  are  referred 
o  three  uueqnal  axes  at  right  angles  to  each  other. 

Of  these  axes  the  sliorter  lateral  axis,  or  hr achy-axis y*  is  represented  by  the 
etter  a,  the  longer  lateral  axis,  or  macro-axis,  by  h,  and  the  vertical  axis  by  i 
cf.  Fig.  275).  In  the  statement  of  the  axial  ratio  i  is  uniformly  taken  as  the 
init. 

1.  NORMAL  GROUP  (25).    BARITE  TYPE. 

165.  Symmetry.— The  forms  of  the  normal  group  of  the  orthorhombic  * 
ystem  are  characterized  by  three  unlike  planes  274. 

•f  symmetry,  at  right  angles  to  each  other,  and 
urther,  coincident  with  their  intersection-lines, 
here  are  three  axes  of  binary  symmetry,  which 
lirections  are  also  those  of  the  crystallographic 
jces.  These  axes  are  consequently  fixed  in 
)08ition  by  the  symmetry,  but  any  one  of  them 
nay  be  made  the  vertical  axis. 

The  symmetry  of  the  croup  is  exhibited  in 
he  accompanying  spherical  projection.  Fig.  274. 
This  should  be  compared  with  Fig.  69  (p.  33) 
md  Fig.  148  (p.  53),  representing  the  symmetry 
d  the  normal  groups  of  the  isometric  and  tetrag- 
mal  systems  respectively.  It  will  be  seen  that 
vhile  normal  isometric  crystals  are  developed  alike  in  the  three  axial  direc- 
ions,  those  of  the  tetragonal  type  have  a  like  development  only  in  the  direc- 
ion  of  the  two  lateral  axes,  and  those  of  the  orthorhombic  type  are  unlike  in 
;he  three  axial  directions.  Compare  also  Figs.  70  (p.  34)^  14^  (p.  54)^  and  275 
J).  90). 

166.  Forms. — The  various  forms  possible  in  this  group  are  as  follows : 


Miller. 

L  Base  or  (^-pinacoid (001) 

^  Unit  prism (110) 

L  \  Macroprisms . . . (hkO)  h>k 

i  Brachy prisms . .  (hkO)  h<k 

Macrodomes (hOl) 

Brachydomes (Okl) 

(  Unit  pyramids (hhl) 

J  (111) 

I  Macropyramids(Ai?)  A>A 
I  Brachypyramids(AW)A<4 


cod  :h  :  oo^ 

ood  :coh:i 

d  :h  :  ccd 
d  :nh  :  cob 

nd  :h  :<x>i 

d  :  CO  h  :  mi 

cod  :h:mi 

d  :h:  mi 
d  :l  :i 
d  :nb  imi 

nd'.lxmh 


Naumanu. 
00  P  w  or  t-f ,  a 

00  P  o6  or  t-f,  h 

OP  or  0,  G 

oo  P  or  7,  m 
00  Pn  or  i-«,  as  (210)  t-3 

00  Pn  or  t-w,  as  (120)  t-2 

fwPob  or  fw-?,  as  (201)  2  f 

mPob  or  f»-r,  as  (021)  2-1 

mP  or  w?,  as  (221)  2 
Por  1 
mPn  or  w?-;"/,  as  (211)  2-2 

mPn  or  f»-w,  as  (121)  2-2 


*  The  prefixes  braehp-  and  macro-  used  In  tliis  system  (and  also  Id  the  tricliDic  system) 
ire  from  the  Greek  words  flpaxvs,  *Itort,  and  uaKfjoi,  long. 


^0 
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Id  general,  ns  defiued  on  p.  26,  a  pinaeoid  is  a  form  whose  faces  are  parallel  to  two  (rf 
the  axes,  that  is,  to  au  axial  plane ;  a  pri^m  is  one  whose  fnccs  are  parallel  to  the  yertiol 
axis,  but  i^ter^ecl  the  two  lateral  axes;  a  dame*  is  one  whose  faces  are  parallel  to  one 
of  the  lateral  axes,  but  inteisect  in  the  vi  rticai  axis.  A  dome  is  sometimes  called  a  hoTiM(nM 
prisvi',  a  pyramid  is  a  furui  whose  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monocliuic  and  tricliuic  systems  ;  in  the  last  each  form  consist  of  two  planes  only. 

167.  Pinacoidfl. — The  macropinacoid  includes  two  faces,  each  of  which  ia 
parallel  both  to  the  macro-axis  J  and  to  the  vertical  axis  i\  their  symbols  are 
respectively  100  and  lOO.  This  form  is  uniformly  designated  by  the  letter  a, 
and  is  conveniently  and  briefly  called  the  a-pinacoid. 

The  brack  if  pinaeoid  includes  two  faces,  each  of  which  is  parallel  both  to 
the  brachy-axis  a  and  to  the  vertical  axis  d  ;  they  have  the  symbols  010  and 
010.     This  form  is  designated  by  the  letter  h\  it  is  called  the  h-pinacoid. 

The  base  or  basal  pinaeoid  includes  the  two  faces  parallel  to  the  plane  of 
the  lateral  axes,  and  having  the  symbols  001  and  OOl.  This  form  is  designate 
by  the  letter  c  ;  it  is  called  the  c-pinacoid. 

Each  one  of  these  three  pinacoids  is  au  open-form,f  but  together  thej 
make  the  so-called  diametral  prism,  shown  in  Fig.  275,  a  solid  which  is  the 
analogue  of  the  cube  of  the  isometric  system.  Geometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
the  three  axial  directions  ;  practically  this  may  be  shown  by  the  unlike 
physical  character  of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc.; 
or,  again,  by  the  cleavage.  Further,  it  is  proved  at  once  by  optical  properties. 
This  diametral  prism,  as  just  stated,  has  three  pairs  of  unlike  faces.  It  has 
three  kinds  of  edges,  four  in  each  set,  parallel  respectively  to  the  axes  a,  i, 
and  6  ;  it  has,  furtner,  eight  similar  solid  angles.  In  Fig.  275  the  dimensioni 
are  arbitrarily  made  to  correspond  to  the  relative  lengths  of  the  axes,  but  the 
student  will  understand  that  a  crystal  of  this  shape  gives  no  suggestions  as  to 
these  values. 
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168.  PrismB.— The  prisms  proper  include  tliose  forms  whose  faces  are 
paralkl  to  the  vertical  axis,  while  they  intersect  both  the  lateral  axes;  their 
general  symbol  is,  therefore,  {hkO).  These  all  belong  to  one  type  of  rhambie 
prism,  in  which  the  interfacial  angles  corresponding  to  the  two  unlike  yertical 
edges  have  different  values. 

The  unit  prism,  (110),  is  that  form  whose  faces  intersect  the  lateral  axes  in 
lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  of  ail  for  the 
given  species;  in  other  words,  the  angle  of  this  unit  prism  fixes  the  unit 
lengths  of  the  lateral  axes.     This  form  is  shown  in  combination  with  the  basal 

' —   ■  -t  _ 

*  From  the  Latin  domui,  because  resembling  the  roof  of  a  house ;  cf .  Fin.  279.  280. 
t  See  p.  25. 
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a  Fig.  276;  it  is  miiformly  designated  by  the  lelter 
•  ■'  .    ■    '  ■"    -10,  Ilo,  1"" 


9t 
The  four 


Einacoid  i        „         ,  ,         ^      _       , 

ues  of  the  unit  prism  have  the  symbols  110,  110,  : 
The  macroprtsms  lie  between  the  macropio^coid ,  n{lOO),  and  the  unit 
prism  m  (110),  aud  cousequently  for  them  the  ratio  of  h  to  k  is  greatei'  than 
1:1;  in  other  vords,  the  ratio  of  the  intercepts  on  the  axes  I  and  a  is  greater 
than  th»t  for  the  unit  prism.  Common  forms  have  the  symbols  (41u),  (310), 
(210),  (320),  (430),  etc.,  given  in  order  from  100  toward  110;  of.  the  spherical 
projection  of  Fig.  303,  The  face  I  of  Fig,  277  is  the  maeropHsm  (210);  for 
this  form  the  axial  intercepts  (aee  the  basal  projection,  Fig.  278)  are  in  the 
ratio  of  id :  ih,  or  la :  2l;  a  similar  relation  holds  for  the  other  forms  (410),  etc. 

377.  278. 


The  brachyprisms  lie  between  the  unit  prism  and  the  brachypinacoid 
b  (010),  and  consequently  for  them  the  ratio  of  the  lirst  two  indices  is  leas 
than  1 : 1,  or  the  ratio  of  the  intercepts  on  h,  &  is  less  than  that  of  the  unit 
prism.  Common  forms  are  (340),  (230),  (120),  (130),  given  in  order  from  110 
toward  010.  For  the  form  «  (120),  shown  in  Figs.  277,  278,  the  axial  inter- 
cepts are  in  the  ratio  of  \(i:\h,  or  2(1:  J.  Other  examples  of  these  prisms  are 
given  later  {see  Figs.  296-299). 

In  NaiimanD's  Byitibols  tPie  Diimlier  n,  the  multiple  of  the  lateral  nxis,  is  nlwayi  mtide 
grenler  tbnn  iiuilj.  Hence  wbile  the  niucroprlsiii,  I,  nf  Fig.  'i'h  lias  llie  full  symbol 
d:  2S:a)i,  or  briedj  ajPS  (or  i-2).  Ihe  bmchypriBm  ia '(■illlen  3(i  ;  i  :  oii.  or  col'S  (or  i-3), 
inaieail  of  the  (Hiiiivnleot  form  a  :  \h  :  tci.  In  uihir  words,  with  llie  macruprirmB  (uud 
macrop^ramlds]  I  lie  value  of  the  biacliy  axU  \&  miitic  equal  to  unity,  while  wit  Li  the  brae  by* 
prisms  (and  brachypyrainidi)  the  macrunxls  is  tukcQ  ub  the  uuit. 

169.  Kacrodomei,  BraahydomeB.^-The  macrodomes  are  forms  whose  faces 
are  parallel  to  the  macro-axia,  i,  while  they  intersect  the  vertical  axis  i  and 
the  lateral  axis  n;  hence  the  genanil  symbol  is  (hOl).  The  angle  of  the  unit 
macrodome,  (101),  fixes  the  ratio  of  the  axes  a:t.  This  form  is  shown  in 
Fig.  279  combined  (since  it  is  an  open  form)  with  the  brachypinacoid. 

In  the  macrodome  zone  between  the  base  c(OOl)  and  the  macropinacoid 
a(lOO)  there  may  be  a  large  number  of  macrodomes  having  the  symbols, 
taken  in  the  order  named,  (103),  (lOi),  (203),  (101),  (302),  (201),  (301),  etc. 
Cf.  Figs.  29S  and  302  described  later. 

The  kynchydomeg  are  forma  whose  faces  are  parallel  to  the  bracliy-ails,  S, 
while  they  intersect  the  other  axea  i  and  h;  their  general  symbol  is  {Okl), 
The  angle  of  the  nnit  brachydome,  (Oil),  which  is  shown  with  a  (100)  in 
Fig.  SCO,  determines  the  ratio  of  the  axes  h:L 

The  brachydome  zone  between  c  (001)  and  6(010)  includes  the  forms 
(013),  (013),  (023),  (Oil),  (032),  (021),  (031),  etc.     Cf.  Figs.  298  and  302. 
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Both  sets  of  domes  are  often  spoken  of  as  horizontal  prisms.  The 
propriety  of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in 
geometrical  form;  further,  ihe  choice  of  position  for  the  axes  which  makes 
them  domes,  instead  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary, 
as  already  explained  elsewhere. 


279. 


280. 


281. 


101! 


m\ 


i 


170.  Pyramids. — The  pyramids  in  this  system  all  belong  to  one  type,  the 
double  rhombic  pyramid,  bounded  by  eight  faces,  each  a  scalene  triangle.  This 
form  has  three  kinds  of  edges,  X,  Y,  Z  (Fig.  281 ;  cf.  also  Fig.  290),  each  set 
with  a  different  interfacial  an^le;  two  of  these  angles  suffice  to  determine  the 
axial  ratio.     The  symbol  for  this,  the  general  form  for  the  system,  is  {hkl). 

The  pyramids  fall  into  three  groups  corresponding  respectively  to  the 
three  prisms  just  described,  namely,  unit  pyramids,  macropyramids^  and 
brachypyramids. 

The  unit  pyramids  are  characterized  by  the  fact  that  their  intercepts  on 
the  lateral  axes  have  the  same  ratio  as  those  of  the  unit  prism;  that  is,  the 
assumed  axial  ratio  (d\  I)  for  the  given  species.  For  them,  therefore,  the  gen- 
eral symbol  becomes  {hhl). 

For  different  unit  pyramids  on  crystals  of  the  same  species  the  vertical 
axes  may  have  different  lengths  bearing  usually  some  simple  numerical  ratio 
to  each  other  (and  always  commensurate),  and  these  form  a  zone  of  faces  lying 
between  the  base  c  (001)  and  the  unit  prism  m  (110).  This  zone,  for  example 
as  shown  in  the  basal  projection  of  a  sulphur  crystal  given  in  Fig.  302, 
includes  the  forms  ^  (119),  c»  (117),  ^  (115),  o  (114),  5  (113),  ^  (112),  jp  (111). 
Cf.  also  Fig.  66,  p.  30,  of  the  same  species,  and  the  spherical  projection, 
Fig.  303.  In  the  symbol  of  all  of  the  forms  of  this  zone  h  =  if,  and  the 
lengths  of  the  vertical  axes  are  hence,  in  the  example  given,  ^,  |,  ^,  ^,  i,  |  of 
the  vertical  axis  6  of  the  pyramid  p  (Fig.  290),  which  in  this  species  is  taken 
as  the  unit  pyramid.     The  axial  ratio  for  sulphur  is  given  on  p.  22. 

The  macropyrnmids  and  brachypyramids  are  related  to  each  other  and  to 
the  unit  pyramids,  as  were  the  macroprisms  and  brachy prisms  to  themselves 
and  to  tne  unit  prism.  Further,  each  vertical  zone  of  macro  pyramids  (or 
brachypyramids),  having  a  common  ratio  for  the  lateral  axes  (or  of  h  :  k  in 
the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  characterized 
by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212),  (421),  etc., 
all  belong  in  a  common  vertical  zone  between  the  base  (001)  and  the  prism 
(210).  Similarly  the  brachypyramids  (123),  (122),  (121),  (241),  etc.,  fall  in  a 
common  vertical  zone  between  (001)  and  (120).  Cf.  Fig.  299,  where  u  and  o 
are  the  brachypyramids  (134),  (131),  falling  in  the  same  vertical  zone  as  the  . 
brachyprism  c?(130).  See  also  the  basal  projection.  Fig.  302,  and  the 
spherical  projection.  Fig.  303,  both  of  sulphur,  noting  the  relation  of  the 


ORTHORHOMRIC   SYSTEM. 


93 


macropjramid  (315)  to  the  macropristn  (310)  and  the  brachypyramids  (135), 
<133),  (131)  to  the  brachyprism  (130). 

171.  ninstiations. — The  following  figures  of  barite  (282-289)  give  excellent 
illustrations  of  crystals  of  a  typical  orthorhonibic  species,  and  show  also  how 
the  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio  for  this 
species  is  given  on  p.  96.  Here  d  is  the  macrodome  (102)  and  o  the  nnic 
brachydome  (Oil);  m  is,  as  always,  the  unit  prism  (110).    Figs.  282-285  ana 
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288. 


2*7 


289. 


Bariie  Crystals. 

-287  are  described  as  tabular  [  c\  Fig.  286  is  prismatic  in  habit  in  the  direction 
of  the  macro-axis  (I),  and  288,  289  prismatic  in  that  of  the  brachy-axis  (&). 
Figs.  290-294  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
labit  with  the  unit  domes  «(101),  n  (Oil),  and  the  unit  pyramids  p  (lU)y 
^(113).  Note  that «  and  n  truncate  respectively  the  terminal  edges  of  the 
fundamental  pyramid  p.  In  general  it  should  be  remembered  that  a  macro- 
dome  truncating  the  edge  of  a  pyramid  must  have  the  same  ratio  of  h:l\  thus, 
<201)  truncates  the  edge  of  (22i),  etc.  Similarly  of  the  brachydomes:  (021) 
truncates  the  edge  of  (221),  etc.     Cf.  Figs.  302  and  303. 
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Sulphur  Crystals. 

Again,  Fig.  295,  of  staurolite,  shows  tlie  pinacoids  b  (010),  c  (001),  the  unit 
prism  m  (110),  and  the  unit  macrodome  r  (101). 

Figs.  296-298  are  prismatic  orvstals  of  topaz.  Here  m  is  the  unit  prism 
(110);  /  and  n  are  the  brachyprisms  (120),  (140);  rfand  p  are  the  macrodomes 
<201)  and  (401) j  /"and  y  are  the  brachydomes  (021)  and  (041);  i,  m,  and  o  are 
the  unit  pvramids  (223)',  (111),  (221). 
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In  Fig.  209,  of  iolite,  s  and  r  are  tlie  unit  pyramids  (112),  (111);  d  ia  the 
brachjprism  (I3U),  and  u,  o  are  the  Gorre8]K)uding  brachjpyramids  (134), 
(131).  Fig.  300,  of  brookite,  simulates  a  tetragonal  crystal  since  the  prismatio 
angle  is  not  very  fur  from  90°;  here  z  =  (\\.~).  In  Fig.  Ml  of  the  same 
species,  e  is  the  bracbypyramid  (122);  this  crystal  closely  resembles  an 
hexagonal  pyramid  with  its  axis  placed  horizontal  since  the  angles  me  (110  a 
122)  and  ee'  (Vi'i  A  I32)  are  approximately  equal. 
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172.  FrojectioRi.- 
302. 


al  and  spbeiical  projections  of  a  typical  ortho- 
rhombic  species  have  already  been  given  in  Figs, 
63  and  65  on  pp.  27,  28.  The  subject  is  so  im- 
portant, however,  that  others  are  given  here 
(Figs.  302,  301!)  for  the  species  sulplmr,  cf. 
Figs.  290-294,  also  Fig.  66,  p.  30.  In  Fig.  303 
besides  the  pinacoida  a  (100),  6(010),  c(OOl),  the 
positions  of  the  prisms*  (310),  tH(llO),  (130)  are 
shown;  the  macrodomes  u(103),  e(lOl)  and  the 
brachydomes  v  (013),  n  (Oil) ;  tlie  remarkable  zone 
of  unit  pyramids  i/y  (119),  &)(11T),  M^S),  o(IU), 
a  (113),  ^(112),  ^;  (111);  finally  the  mncropyramid 
0  (315)  and  the  bracbv  pyramid  a  z  (13.^)  and  x  (133). 
Botb    projections    exhibit    clearly    the    symmetry 
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characteristic  of  the  groap;  the  prominent  zones,  already  spoken  of,  should 
ulso  be  noted. 
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3.  HEMIMOKPHIC  GROUP  (26).     CALAMINE  TYPE. 

173.  Symmetrr  and  Typical  Fomu. — The  forms  of  the  ortliorfiombic-fiemi' 
morphic  group  are  characterized  by  two  nnlike  planes  of  ejrm  me  try  and  one 
axis  of  binary  Hymmetrv,  the  line  in  which  they  jq. 

intersect;  there  is  no  center  of  symmetry.  The 
forms  are  therefore  hemimorphio,  as  defined  in 
Art.  29.  For  example,  if,  as  te  nsnally  the  case, 
the  vertical  axis  is  made  the  axis  of  symmetry,  the 
two  planes  of  symmetry  are  tiarallei  to  the  pina- 
coids  a  noo)  and  b  (010).  The  prisms  are  then 
geometricalty  like  those  of  the  nonnni  praup.  as  m^— 
are  also  the  macropinacoid  and  brachypinacoid  ; 
but  the  two  basal  planes  become  two  independent 
forms.  (001)  and  fOOl).  There  are  also  two  macro- 
domes,  (lOl)  and  (lOl),  or  in  general  (fiOl)  and 
(hQf);  and  similarly  two  sets,  for  a  given  aymbolj 
of  brachydomes  and  pyramids. 

The  general  symmetry  of  the  group  is  shown  in  the  spherical  projection  of 
Fig.  304.    Further,  Figs.  305,  306,  of  calamine,  and  307,  of  struvite,  represent 
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typical  crysL&Is  of  this  groop.     In  Fig«.  305, 306  the  forma  present  are  t  (301), 
<  (101),  I  (031),  e  (Oil),  p(ial);  inFig.  307  they  area  (101),  s,(10i),  j  (Oil). 


V 


3.  SPHENOIDAL  GBOFP  (27).   EPSOMITE  TYPE. 
174.  Symmetry  and  Typical  Formi. — The  forms  of  the  remaining  group  ol 


iiieayBtetnfthBordiorfioinbic-spJietini- 

dal  ernup,  are  characterizeil  by  three 

nnliKe  rectangular  aies  of  binary 

«ymmetry,  but  they  have  no  phine 

»nd  no  center  of  By  mmetry  (Fig.  308). 

The  general  form  hkl  here  has  four 

faces  only,  and   the  corresponding 

solid  is  a  rhombic  sphenoid,  analo- 

^oustothe  sphenoid  of  tlie  tetragonal 

system.     The   complementary  plus 

ftod  minus  sphenoids  are  enantlo- 

morphons.     Fig.  309   represents  a 

typical  crystal,  of  epsomite,  with  the 

plus  sphenoid,  z  (11 1).  Other  crystals 

of  this  specieB  often  show  both  pins  and  minns  complementary  forms,  but 

usually  unequally  developed. 

Mathematical  Relatiokb  or  the  Obtbobhombic  Stbtbm. 

ITS,  Choloevf  Asm.— AsexpUlued  in  Art.  tas,  the  tbrce  cry BUllogntplilc  axes  are  filed 
«s  regiirds  dlreclioii  in  nil  ortliorhombic  cryat&ls.  but  auy  one  of  Ibem  may  be  made  tbe 
rertlcfll  axis,  h:  aad  of  the  iwo  laleral  hi««.  wbicb  U  the  longer  (I)  and  whlcb  tbe  sborter 
i,&)  cauDot  be  determlui;il  until  it  ia  decided  wblch  faces  to  itssume  aa  tbe  fundamental,  or 
unit,  pyramid,  pil^iii,  or  domes. 

Tbe  choice  ia  generally  an  made.  In  a  given  case,  as  to  best  bring  out  tbe  Telntlon  of  the 
■crysinlsof  Ibe  spcclt^s  In  hand  to  Others  alliec]  tolhem  In  form  or  in  clicro teal  composition,  or 
l:i  bolb  reapecls;  or,  so  aa  to  make  Ibe  cleavage  pandlel  (o  tbe  fiindameutsl  form;  or,  afc 


-- ^ — ¥ 


p;s\ 


Epaomite. 


s  of  Ibe  iiiiicro-axls,  J.  i 


I  unity.    For  example,  vlth  barlte 


100  A  no  =  3»*  ir  18",    001  a  lOI  =  58°  10'  38 ',    001  A  Oil  =  58*  tf  af. 
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Two  or  thoM  angles  obTloualy  determine  the  third  angle  as  well  aa  tbe  axial  rntto.  Tbo 
degree  of  accuracy  to  be  attempted  iu  tbe  Btntemeat  of  the  axial  ratio  depeods  apoa  tlie 
■ebarscter  ol  the  fuudametital  nieasureuieDls  from  wbicli  this  ratio  hsi  been  deduced.  There 
ia  no  good  reason  for  giving  the  valuca  of  it  and  i  to  mauj  decimiil  plac<»  IF  tbe  probable 
error  of  tbe  measuremeDls  amounte  lo  maoy  miuuieB.  Iu  ihe  above  case  ihe  meaaiiremcDts 
<by  Helmliacker)  are  auppoBed  to  be  accurate  within  a  few  Becoads.  It  fa  coDveuleiit,  how- 
ever, to  have  tbe  angular  elemeuts  correcl,  nay.  within  ID",  an  that  tbe  calculated  angles 
obtained  from  ibeni  will  not  vary  from  those  derived  direct  from  tbe  meaaured  HDglea  by 
moretbau  80"  lo  1'. 

177.  Oalmlatioa  of  tha  Asm.— The  following  umple  relationa  (cf.  Art.  46)  connect  the 
«xes  with  Uie  nugular  elements ; 


a  (100  A  110)  =  d,    tan  (001  a  Oil)  =  ^,    tan  (001  a  101)  = 


Tlieae  equations  aerve  lo  give  either  tbe  axea  from  ibe  angular  elements,  or  tbe  angular 
«1ements  from  the  axes.  It  will  be  noted  that  the  axes  are  uot  needed  for  simple  purpoaea 
of  calculalioD,  but  it  is  still  important  to  have  lliem,  for  example  to  use  in  comparing  tbe 
morphological  relations  of  allied  species. 

In  praciice  it  ie  easy  to  pass  from  tbe  measured  aufles.  assumed  as  tbe  basis  of  calculation 
<0T  deduced  from  tbe  observHtlons  by  tbe  method  of  Teast  squares),  lo  tbe  angular  element!, 
or  from  eltber  to  any  other  angles  by  the  application  of  the  tangent  principle  (Art.  47)  to 
Ibe  pinacolilal  zones,  and  by  Ine  solution  of  the  right-angled  spherical  triangles  given  on 
the  sphere  of  projection. 

Thus  any  face  /JU  (see  p.  38)  lies  In  tbe  tbree  pinacoldal  zones,  100  aud  Okl,  010  and  hfU, 
Wl  and  hJtO.  For  example,  tbe  poeiiion  of  the  Face,  321.  ia  fixed  If  the  positions  of  two  of 
the  poles,  801,  021,  820,  are  known.    These  last  are  given,  respectively,  by  the  equallona 


tan  (001  A  801)  = 


)  X  tan  (001  / 
Uu  (100  A  i 


101). 


(001  A  021)  =  8  X  tan  (001  A  Oil). 
=  I  X  tan  (100  A  110). 


tftf   (358  A  358)  =  56*    1'  0", 
VJj'"  (S53  A  3S3)  =  »S°  By  0". 

Hence,  the  angles  858  a  010  =  40°  lOf  and  8.13  /\  OSS  =  27*  80^'  are  known 
without  calculation.  Tbe  right-aogled  spberlciil  triangle*  010  053 -853  yields 
tbe  angle  (010  a  058)  and  hence  (001  a  053);  also  tbe  angle  at  010,  nliicb  la 
equal  to  (001  a  101).  But  tan  (001  a  Oil)  =  |  X  tau  (001  a  053),  and 
tan  (001  a  Oil)  =  i.  Also  since  tan  (001  A  101)  =  -,  tbe  axial  ratio  Is  thus 
known,  and  two  of  the  angular  elements. 

The  (bird  angular  element  (001  a  110)  can  )«  calculated  Independently,  for 
the  angle  at  001  In  the  triangle  001  068  853  Is  equal  to  1010  a  850)  and 
tan  (010  A  850)  X  I  =  1010  a  1 10).  tbe  complement  of  (100  a  110). 

Then  since  Ian  (\00  n.ll(i)  =  6,  tliis  ran  1)e  used  io  check  Ihe  value  of  i 
already  obtained.     The  further  use  nf  tlie  tangent  principlt'  wiih  tlie  occnslonal 


iny  desired  iingic  from  either  the 


solution  of  a  right-nngted   Irlai  „ 
fundamental  angles  direct,  or  from  tlic  angular  elen 
Again,  Ibe  symbol  of  any  unknown  race  ran 
angles  of  tolerable  accuracy  are  at  hand. 
measured  angles  to  be 

haa  (010  a  hkl)  =  30*  15'.     w»'  thkl  A  Atfl  =  51*  82'. 
Tbe  sohitlon  of  the  triangle^* ■ooOAI  gives  ihe  angle  (010  a  Okt)  =  10*  85'  20",  and 
UP  (001  A  Okl)  _  tan  73°  34i'  _  ^„„^   ,    _A 
tan  (001  a  Oil)  ~  lan  45'  301'  "  "  "^  "^.  -  j,-. 

*  The  student  to  this  as  In  every  similar  case  should  draw  a  spberlcal  projection  (uot 
necessarily  accurately  conttructed)  lo  show.  If  only  approximately,  tbe  relative  position  of 
tbe  faces  preaenL 
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But  the  ratio  of  A; :  ^  must  be  raiioual-and  the  number  derived  agrees  most  cilosely  with 
10:3. 

Again,  the  angle  (001  A  hOl)  may  now  be  calculated  from  the  same  triangle  and  the 
value  59'  38f'  obtuineci.     From  thi:i  the  ratio  of  h  to  I  is  derived  since 

tan  (001  A  hOl)  __  tan  59'  3S|'  _  -  ^^  _  5_ 
tin  (UOl  A  101)  ~  tan  45*~43J'  ""  ~  l' 

Tlds  ratio  is  nearly  equal  to  5 :  3,  and  the  two  values  thus  obtained  give  the  symbol  5*10*3. 
If,  however,  from  tlie  triangle  OOlOkl  go,  the  angle  at  001  is  calculated,  the  value  26°  42}' 
is  obtained,  which  is  also  the  angle  (010  A  hAA)).     From  tliis  the  ratio  ?i:k  is  deduced,  since 

tan  (010  A  110)  _  tan  45^  12^  k 

tan  (010  A  /**0) ""  tan  2^"  42}'  -  ^  ^^  -  ^^' 

The  value  of  ^  is  hence  closely  equal  to  2;    this  combined  with  that  first  obtained 


(f-vi 


gives  the  same  symbol  5*10*8. 


This  symbol  being  more  than  usually  complex  calls  for  fairly  accurate  measurements. 
How  accurate  the  symbol  obtained  is  can  best  be  judged  by  comparing  the  measured  angles 
with  ihose  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated  angles 
for  M  ^5  10-3)  are  boo  (010  A  510-3)  =  30**  16 ,  wo?'  (510  3  A  8lO  3)  =  51'  35'.  The  correct- 
ness  of  the  value  deduced  is  further  established  if  it  is  found  that  the  given  face  falls  into 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  29,  80,  play  an 
important  part  in  all  calculations.  For  example,  in  Fig  olO,  if  the  symbol  of  r  were  un* 
known,  it  could  be  obtained  from  a  single  angle  (as  hv),  since  for  this  zone  A  =  i. 

179.  Forxnulas. — Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness. 

(1)  For  the  distance  between  the  pole  of  any  face  P  (]ikt)  and  the  pinacoids  a,  ft,  ^  we 
have  in  general : 

COS.  P«  =  COS.  iJMr,  100)  =  ,,.^,,,,,,.^,.,.; 

COS'  Vh  =  COS'  (Mi  A  010)  =  -_|!«JL__. 

COS'  Pc  =  cos'  {JM  A  001)  =  ;,  V  -f  k'^a^c^  +  W 

Here  a  and  c  in  the  formulas  are  the  two  axes  a  and  h 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  (fiki)  and  (P9f)t 

«>8  PQ  =  |/[/4«ct  4-  ^«a'cMM Vin^'  +  ^Vc'  4-  t^a^^ 


V.  MONOCLINIC  SYSTEM. 

180.  The  MoNOCLTNic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes,  having  one  of  their  axial  inclinations  oblique. 

The  axes  are  designated  as  follows:  the  inclined  or  clinodiagonal  axis  is 

h\  the  orthodiagonal  axis  is  J,  the  vertical  axis  is  b.  The  acute  angle  between 
the  axes  a  and  t  is  represented  by  tlie  letter  /?;  the  angles  between  h  and  ^and 
%  and  b  are  right  angles.  See  Fig.  313.  Crystals  are  usually  drawn  with  the 
axis  b  vertical  and  the  axis  a  directed  to  the  front  and  inclined  downward. 
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1.  NORMAL   GROUP  (28).     GYPSUM  TYPE. 

181.  Symmetry. — In  the  uormal  group  of  the  monoclinic  system  there  is 

ojj  one  plane  of  symmetry  and  one  axis  of  binary 

*  symmetry  normal  to  it.     The  plane  of  symmetry 

^.,^-JL^.^^  is  always  the  plane  of  the  axes  a  and  t^  and  the 

y^       I       ^N.  axis  of  symmetry  coincides  with  the  axis  hy  normal 

f  !  \        to  this|flane.     The  position  of  one  axis  {p)  and 

j  \^  that  of  the  plane  of  the  other  two  axes  (a  and  i^  is 

i      ..-^'^'^\     thus  fixed  by  the  symmetry;  but  the  latter  axes 

^ '-4^"  I     may  occupy  different  positions  in  this  plane.    Fig. 

^*^^        \       ®  /     311  shows  the  typical  spherical  projection,  pro- 

/      jected  on  the  plane  of  symmetry.     Fig.  327  is  the 
/       projection  of  an  actual  crystal  of  epidote;  here,  as 
^/^  IS  usual,  the  plane  of  projection  is  normal  to  the 

-^^^  prismatic  zone. 

^  182.  Forms. — The  various  forms*  belonging  to 

this  group,  with  their  symbols,  are  given  in  the  following  table.  As  more  par- 
ticularly explained  later,  an  orthodome  includes  two  faces  only,  and  a  pyramid 
four  only. 

Miller.  Naumann. 

'•  TpKSd •'  °1 (1«0)      a:  «>  ^ :  »  ^  <»  P*  or  i-l,  a 

'•  ""Sn-if  "  } (01«)  -''■^■■-'  «  ^«  -  -^.  * 

3.  Base  or  c-pinacoid (^^1)  oo  ^  :  oo  i  :  (5  OP  or  0,  c 

^  Unit  prism   (110)       h\t\^b    '  ooPor/,  m 

4-    \  Orthoprisms (AA:0)  lh>h  h\nb  \^k  oo  Fn  or  i-w,  as  (210)  t-S 

'  Clinoprisms (AiO)  li  <k  n^  :%  :^d  oo  Pn  or  i-m,  as  (120)  i-^ 

5.  Orthodomes -j  ^/'^^^      ^  *  ^f  '  '""^     "^^*  or-ww,as(101)-l.t 

(  (7/0/)     <i  :  ooZ> :  -vid       mP^  or  m-t,  as  (lOl)  l-I 

6.  Clinodomes (Okl)      ood  :h  iini        mPoo  or  fw-i,  as  (01 1)  1-J 

fUnit  pyramids i  (^*^'^)        ^  i^  '  ^^         "  ^^  ^^  "^'^  ^^  (HI)  -  1 

i(hhl)      aibi-vid  wP,  as  (111)  1 

,  Orthopyramids.  J  J**^)  /,  >  *      ^  * ''/  '  '''^      "^^J*  ^^  -''*-^'  ^  (211  )-2-3 

t  i//Wj  d  :7ih  :  -vid        viPn  or  m-;*,  as  (5ll)  2-3 

Clinopyramids  .  -I  j^^'^)  /^  <A;      ^^  \^  '  ^^       -"'''^/*  ^^  ''^:''>  ^  (121)-2-2 

(  VAi7)  nd  :o  \  -mi        mPn  or  7w-n,  as  (121)  2-2 

The  Naumann  Rymbols  given  above  are  analogous  to  those  of  the  orthorhombic  system. 
The  long  mark  employed  is  to  l>e  understood  to  l)e  conventional  only  and  as  referring  to 
the  ortho-axis.  S.  It  does  not  imply  that  this  axis  is  longer  than  the  clino-axis,  d,  though 
this  is  commonly  the  case.  The  inclined  mark  refers  to  the  inclined  axis.  d.  With 
some  authors  these  marks  pass  through  the  P,  instead  of  being  written  over  the  letter  (or 
number)  following. 

*  On  the  general  use  of  the  terms  plnacoid.  prisms,  domes,  pyramids,  see  pp.  26,  90. 
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183.  PinacoidB.— The  pinacoids  are  the  orthopinacoid,  clinopinacoid,  and 
the  basal  plane. 

The  orthopinacoidy  (100)^  includes  the  two  faces  parallel  to  the  plane  of 

the  ortlio-axis,  J  and  the  vertical  axis  d.  They  have  the  symbols  100  and  lOO. 
This  form  is  designated  by  the  letter  a,  since  it  is  situated  at  the  extremity  of 
the  a  axis;  it  is  hence  conveniently  called  the  a-pindcoid. 

The  clinopinacoid,  (010),  includes  the  two  faces  parallel  to  the  plane 
of  symmetry;  that  is,  the  plane  of  the  clino-axis  a  and  to  the  axis  i.  They 
have  the  symbols  010  and  OlO.  The  clinopinacoid  is  designated  by  the  letter  6, 
and  is  called  the  b-pinacoid. 

The  base  or  basal  pinacoid,  (001),  includes  the  two  terminal  faces,  above 

and  below,  parallej  to  the  plane  of  the  lateral  axes  a,  $;  they  have  the 
symbols  001  and  001.  The  base  is  designated  by  the  letter  c,  and  is  often, 
called  the  opinacoid.  It  is  obviously  inclined  to  the  orthopinacoid,  and  the 
normal  angle  between  the  two  faces  (100  A  001)  is  the  acute  axial  angle  fi. 

The  diametral  prism,  formed  by  these  three  pinacoids,  taken  together,. 
Fig.  312,  is  the  analogue  of  the  cube  in  the  isometric  system.  It  is  bounded 
by  three  sets  of  unliKe  faces;  it  has  four  similar  vertical  edges;  also  four 
lateral  similar  edges  parallel  to  the  axis  a,  but  the  remaining  edges,  parallel 
to  the  axis  h,  are  only  similar  two-and-two.  Of  its  eight  solid  angles  there  are 
two  sets  of  four  each;  the  two  above  in  front  are  similar  to  those  below  behind^ 
and  the  two  below  in  front  to  those  behind  above. 

184.  Prisms. — The  prisms  are  all  of  one  type,  the  oblique  rhombic  prism» 
They  include  the  unit  prism,  (110),  designated  by  the  letter  m,  shown  in 
Fig.  313;  also  the  orthoprisms,  (hkO)  where  h  >  k,  lying  between  a  (100> 
and  m  (110),  and  the  clinoprisms,  {hkO)  where  h  <  k,  lying  between  m  (110; 
and  b  (010).  The  orthoprisms  and  clinoprisms  correspond  respectively  to  the 
macroprisms  and  brachyprisms  of  the  orthorhombic  system,  and  the  explana- 
tion on  p.  91  will  hence  make  their  relation  clear.  Common  cases  of  these 
prisms  are  shown  in  the  figures  given  later. 
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186.  Orthodomes.— The  four  faces  parallel  to  the  ortho-axis  t,  and  meeting- 
the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general  symbols 
{hOl)  and  (AOZ).  These  forms  are  called  orthodomes,  they  are  strictly  hemi- 
orthodomes.  For  example,  the  unit  orthodome  (101)  has  the  faces  101  and 
TOl;  they  would  replace  the  two  obtuse  edges  between  a  (100)  and  c  (001)  in 
Fig.  312.  The  other  unit  orthodome  (lOl)  has  the  faces  lOl  and  lOl,  and 
they  would  replace  the  acute  edges  between  a  and  c.  These  two  independent 
forms  are  shown  together,  with  b  (010),  in  Fig.  314. 
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Similar!;  the  faces  301,  Sol  belong  to  the  form  (301),  and  ISOl, : 
epeudent  but  complementary  form  (SOl). 


The  two  sets  of  beuil-pyniniida  (see  beyond)  are  similarly  diBlioguisbed. 

186.  Clinodomei.— The  clinodomea  are  the  farms  whose  faces  are  ])ar&llel 
the  inclined  aiis,  &,  while  intersecting  the  other  two  uies.  Their  general 
tibol  is  hence  (OX*/)  and  thej  lie  between  the  base  (OOl)and  the  clinopinacoid 
0),  Each  form  has  four  faces;  thna  for  the  nnit  clinodotne  these  have  the 
nbols.  Oil,  Oil,  Oli,  Oil.     The  form  «  (021)  in  Fig.  321  is  a  chnodome. 

187.  Fyramidj. — The  pyramids  in  the  monoclinic  Bystem  are  all  bemi- 
-amids,  embracing  lonr  faces  only  in  each  form,  corresponding  to  the  gen- 
1  symbol  [hkl).    This  obviously  follows  from  the  symmetry;  it  is  shown,. 

example,  in  the  fact  already  stated  that  the  solid  angles  of  the  diametral 

sm  (Fig.  312,  see  above),  which  are  replaced  by  these  pyramids,  fall  into- 
)  seta  of  four  each.  Thus  any  general  symbol,  as  (321),  includes  the  two 
lependent  forme  (321)  and  (321)  with  the  faces 


321,        3Sl,        32l, 


and       321, 


The  pyramids  may  be  unit  pyramids,  (AW),  orthopyramids,  (hki)  whea 
>  k,  or  clinopyramxdi,  {khl)  when  h  <k.     These  correspond  respectivelj 

the  three  prisms  already  named.  They  are  analogous  also  to  tlie  unit- 
ramids,  macropyramids  and  brachypyramids  of  the  orthorhombic  STStem, 
1  the  explanation  given  on  pp.  91,  92  should  serve  to  make  their  relations. 
ar.  But  it  must  be  rememt>ered  that  each  general  symbol  embraces  twa 
ms,  (Jthl)  and  (.hkl)  with  four  faces  each,  as  above  explained. 


M 
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188.  Blurtrationt.— Figs.  315-318  of  pyroxene  (fiiSrii  =  r092  : 1:0-589,. 
=  74°  =  ac)  show  typical  monoclinic  forma.    Fig.  315  shows  the  diametral 

•  This  choice  of  signs  hyNitiimaiiii  was  uDforiiiDste.  being  cbotrsry  to  ontlnarf  usage; 
%.  Iiovever.  loo  geaenJIy  accepted  to  udmit  of  being  reversed.  He  was  led  to  ndopl  it 
suae  the  iulemtu  angle  of  Ibe  upper  front  edge  between  001  and  100  Is  obtuse  and  bence: 
GMlne  (:g.  In  tlie  general  coaloe  rnnnula  for  llie  augle  between  two  faces)  Is  ntgatitt. 
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pri;Ur>.  Of  tho  other  forms,  m  is  the  unit  prism  (110);  p  (TOl)  is  an  ortho- 
aqme;  «  (111),  v  (231),  x  (111)  are  unit  pyramids;  for  other  fignres  see 
p.'-S^.      Again,   FigB.    31^-331    represent   common    crystals    of    orthocUw 

/{h'::'h:i  =  0  659:1:0-555,   /3  =  64"  =  ac).     Here    t  (130)  is  a  clinoprism; 

;>^ioi)  aud  ;/ (501)  are  orthodomes;  n  (031)  is  ti  clinodorae;  o(Ill)  a  nnit 
'pyramid.     Siuce  (Fig.  3L9)  c  sud  x  huppeD  to  make  nearly  equal  angles  with 

.  tlie   verticikl  edge  of   the   prism   m,   the  combiDation  often  stimDlates    an 

/orthorhombic  crystal. 


r^T^ 


^^iv 


Fig.  323  shows  a  moiioclinic  crystal,  epidote,  prismatic  in  the  direction  of 

the  ortlio-axis;  the  forms  are  r  (loi)  and  n(IU).  Fig.  323  of  gypsum  is 
flattened  ||  b;  it  shows  the  unit  pyramid  I  (111)  with  the  unit  prism  m  (llOj. 
Fig,  334  of  monazite  is  prismatic  m  habit  by  extension  of  the  pyramid  v  (111). 
It  shows  also  the  orthodome  »(101);  the  clinodome  e(Olt);  the  pTratnioi 
r  {UD,  a  (121),  2  (3ll),  t  (311). 


m 


189.  Projections. — Fig.  335  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  853,  p.  438)  on  a  plane  normal  to  the  prismatic  zone,  and  Fig.  326 
one  of  a  simiiar  crystal' on  a  plane  parallel  to  b  (010);  burJi  should  be  carefally 
studied,  as  also  the  spherical  projection  of  the  same  siiecies.  Fig.  327.  11* 
symbols  of  the  prominent  faces  are  given  in  Fig.  327. 
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2.   HEMIMORPHIO   GROUP  (29). 

190.  The  monocliniC'hemimorphic  group  is  cljaracterized  by  a  single  axis 

of  binary  symmetry,  the  crystallographic  axis  i,  but  it  litis  no  plane  of  sym- 
metry. It  is  illustrated  by  the  spherical  projection  (Fig.  328);  also  by 
Fig.  329,  a  common  form   of  tartaric  acid;  sugar  crystals  also  belong  here. 
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Tartaric  Acid. 
Forms:  r(lOl).  /?  (101),  y(Oll). 


The  hemimorphic  character  is  distinctly  shown  in  the  distribution  of  the 
clinodomes  ana  pyramids;  corresponding  to  this  the  artificial  salts  belonging 
here  often  exhibit  marked  pyro-electrical  phenomena. 
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3.   CLINOHEDRAL  GROUP  (30).     CLINOHEDRITE  TYPK 

191.  The  monoclinic-clinohedral  groap  (the  domatic  class  of  Groth) 
ia  characterized  by  a  single  plane  of  Bymmetrj,  parallel  to  the  clino- 
pinacoid,  b  (010),  out  it  has  do  axis  of  gyniinetry  (cf.  Fig.  330).  In  this, 
group,  therefore,  the  forma  parallel  to  the  o-axis,  viz.,  c  (OOt),  a  (100)  and  the 
orthodomes,  are  represented  bj  a  single  face  only.  The  other  forms  have  each 
two  faces,  but  it  is  to  be  noted  that,  with  the  single  exceptioD  of  the  clino- 
pinacoid  b  (010),  the  faces  of  a  given  form  are  never  parallel  to  another. 
The  name  given  to  the  gronp  is  based  on  this  fact. 

Several  artificial  salts  belong  here  in  their  crystallization,  bnt  the  only 
known  representative  among  minerals  is  the  rare  silicate,  clinohedrite 
(H,CaZnSiO,),*  a  complex  crystal  of  which  is  shown  in  two  poeitions  in  Figs. 
331,  33la.  As  seen  in  these  fignres,  the  crystals  of  the  gronp  have  a  hemi- 
morphic  aspect  with  respect  to  their  development  in  the  direction  of  the 
vertical  axis,  although  they  cannot  properly  be  called  hemimorphic  since  this. 
is  not  an  axis  of  symmetry.  The  forms  shown  in  Figa.  331,  331a  are  as- 
follows:  pinacoid,  b  (010);  prisms,  m  (110),  m,  (IlO),  h  (330),  n  (120),  I  (130); 
orthodomes,  e  (101),  e,  (lol);  pyramids,  p  (111),  p,  (lit),  q  (111);  r(331), 
8,  (551),  t  (?71),  u  (B31),  0  (I31),  x  (l3l),  y  (Isl). 


It  is  to  be  noted  that  crystals  of  the  common  speciea  pyroxene  (also  of 
iBgirite  and  titanite)  occasionally  show  this  habit  in  the  distribution  of  their 
faces,  but  tt  is  not  certain  that  this  may  not  be  accldentsLf 
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c  HoROCLiNic  Stbtbu. 


199.  CholM  of  AxM.— It  is  repented  here  (Art.  IBI).  that  the  fixed  poittioti  of  the  plane 
of  aymnietiy  eaUbllabes  Ihe  direction  of  the  axis  b  and  ilie  plaoe  of  tlie  axes  d  and  i.  The 
latter  aies,  however,  may  have  varyiug  posElionB  In  Ihia  plane  according  m  to  which  facet 
are  taken  as  the  plnncolda  a  and  c,  anil  wliicli  the  unit  pyramid,  prlam,  or  domes. 

199.  Axial  and  Angnly  EI«m«nti.— The  axitU  etemenU  are  the  Ungtiu  of  the  aies  A  and  h 
Id  terms  of  the  unit  axis  b.  ihat  U,  the  niial  ratio,  with  aliin  the  acute  angle  of  iDclloatkia 
of  the  axes  d  and  i,  called  fi.     Thus  for  orthoclase  the  aiial  elements  are  : 
a:i:li  =  06585 :  1  :  05554    fi  -  68'  661'. 


(3) 
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The  angular  elemeots  arc  usually  taken  as  tbe  angle  (100  a  001)  which  is  equal  to  the  angle 
/J;  also  the  angles  between  the  three  pinacoids  100,  010,  OUl,  respectively,  and  the  unit 
prism  110,  the  unit  orthodome  (101  or  101)  and  the  unit  cliuodome  Oil.  Thus  again  for 
ortlioclase*  the  angular  elements  are  : 

001  A  100  =  68°  56f',     100  A  HO  =  80'  86J'. 
001  A  iOl  =  50'  16f ,     001  A  Oil  =  26"  81'. 

194.  The  mathematical  relations  connecting  axial  and  angular  elements  are  as  follows: 

^  ^  taMlOOAjlO)       ^^       ,au  (100  A  110)  =  d .  Bin /J;  (1) 

sin  fS 

^  ^  tanjOOlAOn)        ^^       uii(00lA011)  =  i.8in/J;  (2) 

sin  fi 

.  a .  tan  (001  A  101)  ^      ,^-    ,  -^,v  <Jsin /5         ^ 

c  =  1 — 3 5 .^^  — TTTTT    or    tan  (001  a  101)  =  ,   ,    i 3-, 

sin /5  —  cos /5 .  tan  (001  A  101)  .  <i+d.cos/5 

.  a .  tan  (001  A  101)  ,      ,^,       7^.,  ^%\u  p         ( 

sin  p  +  COS  /(^ .  tan  (001  a  101)  '      d  ^  e.cos  ft    j 

These  relations  may  be  made  more  general  by  writing  in  the  several  cases — 
in(l)    ;kifc0forll0    and    ^dford;  in  (2)    OiUforOll    and    ^htori; 

in  (8)    AO/ for  100    and    ^Hor^. 

Also 

i_  _  sin  (001  A  lOl)  _  sin  (001  A  101) 

d  ""  sin  (10b  A  101)  "  sin  (100  A  TOl)* 
and  more  generally 

h      h  _  sin  (001  A  AOQ  _  sin  (001  A  AOQ 
d  •  7  -  sin  (100  A  hOl)  -  sin  (^qO  a  M' 
Note  also  that 

tan  0  =  a       and       tan  C  =  ^; 

where  <f>  is  the  angle  (Fig.  827)  between  the  zoue-circles  (001,  100)  and  (001, 110);  also  C  the 
angle  between  (ICO,  001)  and  (100,  Oil). 

All  the  above  relations  are  important  and  should  he  thoroughly  understood. 

195.  The  problems  which  usually  arise  have  as  their  object  either  the  deducing  of  the 
axial  elements,  the  angle  ft  and  tlie  values  of  a  and  b  in  terms  of  S  (=  1),  from  three 
measured  angles,  or  the  finding  of  any  required  interfacial  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  axial  elements, 
and  beyond  this  all  ordinary  problems  can  be  solved*  either  by  the  solution  of  spherical 
triangles  oi^the  sphere  of  projection,  or  by  the  aid  of  the  cotangent  (and  tangent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  great  circles  on  the  sphere  of  projection  (I*Mg. 
827)  from  010  cut  the  zone  circle  100,  001,  100  at  right  angles,  but  those  from  100  cut  the 
zone  ciicles  010,  001,  OlO  obliquely,  as  also  those  from  001  cutting  the  zone  circle  100,  010, 
100. 

196  Tangent  and  Cotangent  Belations. — The  ^\m\i\i:Jangent  relation  holds  good  for  all 
zones  from  UM)  to  any  pole  on  the  zone  circle  100,  001,  100;  in  other  words,  for  the  prisms, 
c  in<Mloin(  s  and  zoues  of  pyramids  in  which  the  ratio  of  ?i:  I  is  constant  (from  001  to  hOl  or 

to  )tiH).    Thus  it  is  still  true,  as  in  the  orthorhombic  system,  that  the  tangents  of  the  angles 


*  The  general  formulas,  from  which  it  is  possible  to  calculate  directly  the  angles  between 
any  race  and  the  pinacoids,  or  the  angle  between  any  two  faces  whatever,  are  so  complex 
as  to  be  of  little  value. 
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of  the  priams  210,  110,  120»  190  from  ICO  are  in  the  rntio  of  | :  1 : 3 : 8,  or,  more  geDenlljr, 
that 

tan  (100  A  hkO)     k  bin  (010  A  hkQ)     h 

tttu  (100  A  110)      h  tuu  (010  A  110)      k' 

Also  for  the  cliuodomes  the  tangents  of  the  angles  of  012,  Oil,  021  from  001  are  in  the 
ratio  of  i  :  1  : 2.  etc.  A  similar  relation  holds  for  the  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111.  212,  etc. 

For  zones  other  than  those  mentioned  in  the  preceding  article,  as  from  100  to  a  clino- 
dome,  or  from  001  to  a  prism,  the  more  general  eoUinge  at  formula  given  in  Art  47  must  be 
employed.     This  relation  is  simplitled  for  certain  common  ciises. 

For  any  zone  starting  from  001.  as  the  zone  001,  100.  or  001, 110.  or  001,  210.  etc.;  if  two 
angles  are  known,  viz.,  the  angles  between  001  ancl  those  two  faces  in  the  given  zone  which 
fall  (I)  in  tiie  zone  010,  101,  and  (2)  in  the  prismatic  zone  010,  100;  then  the  angle  between 
001  and  any  other  face  in  the  given  zone  ctm  be  calculated. 

Thus, 

Let  001  A  101  =  PQ  and  001  a  100  =  PR, 
or  ••  00lAlll  =  PQ  *•  OOlAllO  =  PR, 
or    "  001  A  212  =  PQ        -        001  A  210  =  PR.  etc. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
zone  (as  201,  or  221,  or  421,  etc.,  or  in  general  /iO/,  hhl^  etc.)  is  given  by  the  equation 

cot  PS  -oot  PR_  I 
col  PQ  -  col  PK  "  h ' 

For  the  corresponding  zones  from  001  to  100.  to  110.  to  210,  etc..  the  expression  has  the 
same  value;  but  here 

PQ  =  00lAi01,     PR  =  OOlAiOO.     PS  =  001  A  XOi. 
or  001  A  ill,  etc. .       001  A  110,  etc.,       001  A  AAi,  eta 

If,  however,  100  is  the  starting-point,  nnd 

100  A  101  =  PQ.        100  A  001  =  PR, 

or  100  A  111  =  PQ.        100  A  Oil  =  PR.  etc., 

then  the  relation  becomes 

cot  PS  -  cot  PR_A 
cot  PQ- cot  PR"  r 


VI.  TKICLINIC  SYSTEM. 

197.  The  Triclinic  System  includes  all  the  forms  which  are  referred  to 
three  unequal  axes  with  all  their  intersections  oblique.  ^ 

The  axes  are  here  designated  as  in  the  orthorhombic  system,  the  letters 

used  for  the  lateral  axes  (i,  h  (or  a,  b),  having  a  short  or  long  mark  over  them 
to  indicate  which  is  the  shorter  and  which  the  longer  axis.  In  the  majority 
of  cases,  a  is  the  brachy-axis  and  h  the  macro- axis.     But  this  is  not  invariably 

true;  thus  with  rhodonite  the  ratio  of  a  :b  =  1*073  :  1.  The  vertical  axis  is 
always  designated  by  d.  The  angle  between  the  axes  h  and  i  is  called  a,  that 
between  a  and  d  is  /5,  and  that  between  a  and  ^  is  ;^  (Fig.  333). 

It  is  to  be  noted  that  there  is  no  necessary  relation  between  the  values  ol 
a,  ft,  and  y^  any  one  may  be  greater  or  less  than  90®;  this  is  determined  bj  the 
choice  of  the  fundamental  forms. 
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1.  NORMAL  GROUP  (31).  AXINITE  TYPE. 

Symmetry. — The  normal  group  of  the  triclinic  system  is  characterized! 
ter  of  symmetry,  the  point  of  intersection  of  the  three  axes,  but  there 


dda. 


.--♦ 


\ 


! 


/ 


% 


ine  and  no  axis  of  symmetry.*  This  sym- 
shown  in  tlie  accompanying  spherical  pro- 
Fig.  332). 

Forms  — Each  form  of  the  group  includes 
s,  parallel  to  one  another  and  symmetrical 
erence  to  the  center  of  symmetry.  This  is 
well  of  the  form  with  tlie  general  symbol 
of  one  of  the  special  forms,  as,  for  example, 
nacoid  (100). 

3e,  as  shown  J  n  the  following  table,  the  four 
c  faces  110, 1 10, 110, 110  include  two  forms, 
110,  110,  and  110,  110.  The  same  is  true 
lomes.  Further,  any  eight  corresponding 
al  facesj_as,  for  example.  111,  111,  ill,  ill, 
,  111,  ill  belong  to  four  distinct  forms,  namely,  ill.  III;  111,  ill; 
;  ill.  III,  and  similarly  in  general, 
various  types  of  forms  are  given  in  the  following  table: 

Miller. 

S''"i « 

)i  nacoid  or) .^^^^ 

icoid  J  '^      ' 

c-pinacoid (001) 

i  (UO) 

\  (110) 
risms  )  j  (A^•0) 

*        5 l(Al-O) 

j  (7/ /to) 
\  (hhi) 

\  \mv) 
( (mi) 

\  (0*7) 
I  (0X;7) 
r  (hhV) 

™™*^" \  {hhl) 

.  (hhl) 


ism 


prisms 
k 

lomes 


\ 


yramidsf  ) 
>  k  ) 


f  (hkl) 
I  (hhl) 
^  (hkl) 
(h'kl) 


[ 


codii :  Qoi 

cod  :  col  :6 

d  :h  :  cod 
d  :  —h  :  cod 

d  :nh  :  cod 

d  '.  —  nl  :co6 

nd  :l :  cod 

nd  :h  :  cod 

d  :coh  :md 

—  «  :  00  J  :  md 
cod  :l  :md 

cod  :  —  b:md 

a  :b  :  mc 
^  a  :  b  :vic 

—  a  :  —  h  imc 
a  I  —  b  imc 

d  :7ii  :  md 

—  d  :nb  \  md 
^  d  :  —  nl :  md 

d  :  —  nb  :md 


NnumaQD. 
00  Poo  or  i-iy  a 

00  P  (2  or  i'l,  b 

OP  or  0,  c 

00  P'  or  r,  m 
00 'P  or '7,  if 

00  P'n  or  i'u' 

00  'Pn  or  'i-li 

00  Pn  or  i-w 

00  Pn  or  i-n 

m'P'ob  or  'm-i' 

m^P^co  or  ^m-V 

mP CO '  or  m-i 

'mPco  or  m-t 

mP'  or  m' 

m^  P or ,m 

mP^  or  m^ 

fu'P  or  'm 

mP'n  or  m-n' 

m^Pn  or  /w-w 

mP/ii  or  m-Ji^ 


m^Pn  or 


'wi-fi 


tbe  other  method  of  viewing  the  symmetry  here  described,  see  Art.  17,  p.  10. 

be  above  table  it  is  assiiiiied  that  the  axial  ratio  is  d : 5 :  ^.  If  it  were  d:b:h,  the 
achy-  aod  macro-  would  be  exchniitrcd.  and  also  the  long  and  short  marks  in  the 
3  symbols.  The  use  of  accents  to  distinguish  prisms,  domes,  and  pyramids  accord*^: 
eir  position  is  to  be  noted. 
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f  (»«) 

nd:i:ml 

mP'n  or  m-S' 

h<i            (•■•• 

••■    (Ul) 

-ni-.l-.mi 
-■.ni:-l:tni 

m,F»  or  ,m-« 
iiiP,»  or  m.», 

{ (WO 

n&:-h:mi 

m'i'S  or  'm-S 

200.    The  explanations  given  under  tlie  two  preceding  systems  make  it 
unnecessary  to  discuss  in  detail  the  Tarions  forms  individutilly,  except  as 
333,  illustrated  in  the  case  of  crystals  belonging  to  certain 

typical  triclinic  species. 

It  may  be  mentioned,  however,  that  Fig.  333  sbowa 
the  diametral  prism,  which  is  bounded  by  three  sets  of 
unlike  faces,  tbo  pinacoids  a,  b,  and  c.  This  is  the 
analogue  of  the  cube  of  the  isometric  system,  but  here 
the  nice  faces,  edges,  and  solid  angles  include  only  a 
given  face,  edge  and  angle,  and  that  opposite  to  it. 

201.    Ulustratioiu. — A  typical    tnclinic  crystal  is 

shown  in  Fig.  334  of  aiinite,  already  introduced..  Here 

a  (100)  is  the  macropinacoid ;  m  (110)  and  Jf  (110)  the 

two  unit  prisms;  s  ('iOl)  a  macrodome, and  z  (111)  and 

r  (ill)  two  unit  pyramids.  The  axial  ratio  is  as  follows: 

di : S  : d  =  049  : 1  :  0-48,  a  =  82°  54',  /J  =  91°  52',  y  =  131°  32'. 

Figs.  335,  336  show  two  crystals  of  rhodonite,  a  speoiea  which  is  allied  to 

pyroxene,  and  which  approximates  to  it  in  angle  and  habit.    Here  the  faoea 


are:  Pinacoids  a  (100),  £  (010),  c  (001);   prisms  m  (110),  Jf  (llo);  pTnmidt 
y  (221),  4  (221),  H  (321),  r  (111). 

Further  illustrations  are  given  by  Fig.  337  of  albite  aod  Fig.  338  of  anor- 
thite.  The  symbols  of  the  faces, 
besides  the  pinacoids  and  the 
nnit  prisms, are  as  follows:  Fig. 
337,  x  (lOl);  Fig.  338,  prisms 
/(130),  i(l30);domeB/(207), 
y  (501),  e(021),r(06]),«(02l); 
pyramids  m  (111),  a  (ill), 
0  (111),  p  (511).  In  Fig.  338 
of  anorthite  the  similarity  of 
the  crystal  to  one  of  orthoclase 
is  evident  on  slight  examination 

(cf.  Figs,  319,  320),  and  careful  aiouc  Anaruiiu. 

Study  with  the  measurement  of  angles  shows  that  the  correspondanoe  ia  veiy 
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close.     HeDce  in  this  case  the  choice  of  the  fundamental  planes  is  readily 
made. 

Fig.  339  represents  a  crystal  (artificial)  of  blue  yitriol,  the  mineral  chal* 

339.  340. 

Hi' 


339a. 


/ 


canthite;  Fis.  339a  giyes  a  projection  on  a  zone  normal  to  the  prisms,  and 
Pig.  340  a  spherical  projection.  The  last  figure  also  shows  the  symbols  of  the 
different  faces. 

2.  ASYMMETEIC   GEOUP  (32). 

202.  Besides  the  normal  group  of  the  triclinic  system  there  is  another 
possible  group,  possessing  symmetry  neither  with 
respect  to  a  plane,  axis  nor  center;  in  it  a  given 
form  has  one  face  only.    This  group,  the  asym- 
metric  class  of  Oroth,  finds  examples  among  a 
number  of  artificial  salts.   One  of  these  is  calcium 
thiosulphate  (CaS,0,.  6H  0);  as  yet  no  mineral 
species  is  known  to  be  included  here.    This  is  the      / 
most  general  of  all  the  thirty-two  types  of  forms     i 
classified  according  to  their  symmetry  and  comes      \^ 
first,  therefore,  if  the  groups  are  arranged  in  order  '^^\. 
according  to  the  degree  of  symmetry  characterizing 
them.     This  group  is  one  of  those  whose  crystals 
may  show  circular  polarization.    This  is  true  of 
eleven  of  the  groups  which  have  been  described  in 
the  preceding  pages. 

Mathkmatical  Rblationb  of  the  Triclimic  Stbtem. 

9M.  OMm  if  Azts.^It  is  obTious.  from  wliat  has  been  said  as  to  the  symmetry  of  this 
^stem.  that  any  three  faces  of  a  triclinic  crystal  may  be  eboseu  as  tbc  piuacoids,  or  the 
faces  which  fix  toe  position  of  the  axial  plnnes  and  the  directions  of  tbe  axes;  moreover, 
there  is  a  like  liberty  In  the  ckoice  of  the  unit  prisms,  domes  or  pyramids  which  further  te 
the  lengths  of  the 


\ 
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WheD  the  crystal  iu  band  is  allied  in  form  or  composition  to  other  specie^ '^rtieibc    of 

fuudumeutal 

(e. 

species 

group,  is  uuuther  good  example. 

Iu  other  cases,  where  no  such  relationship  exists,  and  where  varied  habit  makes 
different  orientations  plausible,  there  is  but  little  to  guide  the  choice.  Tliis  is  illustrated 
in  the  case  of  axiuile  {¥\g.  334),  where  at  least  ten  distinct  positions  have  bei  u  assumed  by 
different  authors. 

204.  Axial  and  Angular  Elec-»-ti.— The  axial  elements  of  a  Iriclinic  crvstnl  are:  (1)  the 
axial  ratio,  which  expresses  the  lei^^^'lis  of  the  axes  a  and  6  iu  terujs  of  the  third  axis,  b: 
and  V^)  the  angles  between  the  axes  tr,  fi,  y  (Fig.  833).  There  are  here  five  quanliiits  to  br 
determined  which  obviously  require  the  measurement  of  five  independent  angles  beiweia 
the  faces. 

The  angular  elements  are  usually  taken  as  the  angles  between  the  pinacoids  and,  in 
addition,  those  between  each  piuacoid  and  the  unit  face  lying  in  the  zone  of  the  other 
pinacoids;  that  is, 

ab,  100  A  010,  ae,  100  A  001,  6c,  010  A  001; 
also 

am    100  A  HO.  001  A  101,  001  A  Oil- 

er, instead,  any  one  or  all  of  these, 

aif,     100  A  110.  001  A  101,  001  A  Oil. 

Of  these  six  angles  taken,  one  is  detciTnined  when  the  others  are  known. 

205.  The  mathematiail  relations  existing  betwe<n  the  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  drawn  out  with 
great  completeness,  but  they  arc  necessarily  conqjlex  and  in  general  have  little  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  b}'  means  of  the  triangles 
of  the  spherical  projection,  together  with  the  cotangent  foimula  connecting  four  planes  in 
the  same  zone  (An.  47.  p.  31-;  this  will  often  be  laborious  and  may  require  some  ingenuity, 
but  in  geneml  involves  no  serious  difficulty.  In  connection  with  the  lue  of  the  cotangent 
formula,  it  is  to  be  noted  that  in  certain  commonly  occurring  cases  its  form  is  much 
simplified;  some  of  these  have  already  been  explained  under  the  monoclinic  system 
(Art.  196).     The  formulas  givi  n  there  are  of  course  equally  applioible  here. 

206.  The  first  problem  may  be  to  find  the  axial  elements  from  measured  angles.  Since 
these  e'ements  include  five  unknown  quantities,  viz.,  the  three  axial  angles  a,  /?,  y  and 
the  lengths  of  the  axes  a  and  <f  in  terms  of  b,  five  measured  angles  are  required,  as  already 
stated. 

The.«»e  angles,  by  use  of  three  or  more  spherical  tdtingles.  will  serve  to  give  the  angles  (see 
Pig.  840)  7C,  p,  //,  r,  r,  o-cor  the  corresponding  angles  it*,  //,  etc..  in  the  acljacent  quadrants). 
The  ratio  of  the  sines  of  each  pair  of  these  angles  fixe^  the  ratios  of  the  corresponding  axes 
(see  below).  The  full  axial  ratio  may  be  obtained  from  any  two  pairs  and  the  third  ratio 
serves  as  a  check  upon  the  results  given  by  the  other  two. 

The  simple  formulas  required  are  : 

sin  r  __  sin  r'  _  ^       sin  v  _^  sin  ^'  _  ^      sin  ir  __  sin  «*  __  i 
sin  o"  ~  sin  o^  ~  6  *     sin  //  "~  sin  //'  ~  a '     sin  p  *"  sin  p'  ~'  b' 

If  the  corresponding  angles  for  the  general  case  are  given  (not  those  of  the  unit  zones),  the 
relations  are  similar.  That  is.  if  for  the  face  hkl  the  corresponding  angles  be  represc>nteil 
by  ro.  o-o.  etc.,  where  ro,  o^©  are  the  angles  between  the  zone  circles  1(»0,  001  and  100.  010 
respectively  and  the  zone  circle  001,  IM  (and  similarly  for  r»,  cr.  in  the  adiment 
quadrant,  also  similarly  vo,  ^9,  etc.),  these  relations  may  be  expressed  iu  the  general  form 


%nd  similarly  for 


sin 
sin 

CTo 

sm 

r«' 

a 

k 
~h 

a 

sin 

o-o' 

b' 

sin  v% 
sin^.' 

etc. 

3^ 
a' 

sin  It.      2^ 

I 

;^  =  180**  - 

c. 
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Thus  for  the  face  821  the  formulas  become 

SID  r«        a  __  3  a      sin  v« 

siu  a.  ""  j6  ""  8  6*     siu  //o 

It  is  also  to  be  noted  tbut 

a  =  180'  -A,       /?  =  180*  -  -B, 

where  A,  B,  C  are  Ihe  angles  in  the  piuacoidal  spherical  Irlaugle  lOOOlO'OO^  ut  these 
poles  respectively.    That  is, 

^  =  ir-f-p  =  jro  +  p,  =  (180*  -  a); 
^=v  +  ^  =  yo  4-/^0  =  (180"  -  p)\ 

C  =  r4-o-^r.  +  0-0  =  (180*  -  y)- 

Also 

180*  -  ^  =  jf  +  p'  =  n^'  +  p.'  =  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  faces 
0^(100  A  010).  ac(100  A  001)  and  ^(010  A  001),  which  are  the  sides  of  tl  is  triangle, 
the  nueles  Ay  B,  C  are  calculated  and  their  supplements  are  the  axial  angles  a,  p,  y 
respeciively. 

Still  another  series  of  equations  arc  those  below,  which  give  the  relations  of  the  angles 
//,»",  p,  etc..  to  the  axes  and  axial  angles.  By  mean.s  of  them,  with  the  sine  formulas 
given  above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial 
elements. 

a%\vL  fi         ^  e  sin  6 

ton  ^  =  — ,-  -       -',    tan  v  =  — ; ^—^ 

c-\-  a  cos  p  a  -f-  c  cos  p 

,  c  sin  a 

tan  p  =  — T—^ ;    tan  n  = 


h  sin 

a 

• 

c 

+  b  cos  u 

a  sin 

r   . 

b  -\-  c  COS  a 

6  sin  V 

tan  r  =  j— — ;    tan  <t  =  — — ; — - — . 

b-\-  a  cos  y  a-\-b  cos  y 

These  equations  apply  when  //  -f  r,  etc.,  is  less  than  90*;  if  their  sum  is  greater  than 
90*  the  sign  in  the  denominator  is  negative. 

907.  The  following  equations  are  also  often  useful;  they  give  the  relations  between  the 
angles  a,  d,  y,  and  the  angles  /i,  r,  etc.,  already  defined. 

2  sin  p  sin  p'       2  sin  n  sin  ic' 
tan  a  = 


tany5  = 


siu  (p  —  p')        siu  (JT  —  jr')  * 

2  sin  fi  sin  ^'  __  2  sin  r  sin  v' 

sin  (//  —  //')  *"  sin  (v  —  v*) ' 


2  sin  r  sin  r  2  sin  o*  sin  a* 

'^          sin  (r  —  r')  sin  (o*  —  &) 
Also, 

dr  +  3r  +  p  =  /5  +  //  +  v  =  r+r  +  o-  =  180*. 

The  calcalation,  from  the  angular  elements  or  from  the  assumed  fundamental  measured 
angles,  either  (1)  of  the  angular  position  of  any  face  whose  symbol  is  given,  or  (2)  of  the 
symbol  of  an  unknown  face  for  which  measured  angles  are  at  hand,  requires  no  further 
explanation.  The  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
of  spherical  triangles  on  the  projection  (with  the  use  of  the  sine  formulas)  will  suffice  in 
addition  in  all  oralnary  cases. 


112  OBTSTALLOGBAPHT. 


MEASUREMENT  OF  THE  ANGLES  OF  CRYSTAL& 

208.  Hand-Goniometers. — The  iiiterfaciul  angles  of  crystals  are  measured  bj 
means  of  iustruiiients  which  are  called  goniometers. 

The  simplest  form  is  the  hand-gouiometer^  represented  in  Fig.  342. 
It  consists  of  an  arc,  graduated  to  half-degrees  or  finer,  and  two  movable 
Arms.     In  the  instrument  figured,  one  of  the  arms,  aby  has  the  motion  forward 

342. 


and  backward  by  means  of  slits  gh,  ik;  the  other  arm,  cd,  has  also  a  similar 
slit,  and  in  addition  it  turns  around  the  center  of  the  arc  as  an  axis.  The 
iaces  whose  inclination  is  to  be  measured  are  applied  between  the  arms  ao,  co, 
and  the  latter  adjusted  so  that  they  and  the  surfaces  are  in  close  contact; 
further,  the  arms  must  be  exactly  at  right  angles  to  the  intersection-edge. 
This  adjustment  must  be  made  witn  care,  and  when  the  instrument  is  held  np 
to  the  light  none  must  pass  through  between  the  arm  and  the  face.  The 
number  of  degrees  read  off  on  the  arc  between  k  and  the  left  edge  of  ^  (this 
«dge  being  in  the  line  of  the  center,  o,  of  the  arc)  is  the  angle  required.  The 
motion  to  and  fro  by  means  of  the  slits  is  for  the  sake  of  convenience  in 
measuring  small  or  embedded  crystals.  In  a  better  form  of  the  instrument 
the  arms  are  wholly  separated  from  the  arc;  and  the  arc  is  a  delicately 
graduated  circle  to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand -goniometer  is  useful  in  the  case  of  large  crystals  and  those 
wliose  faces  are  not  well  polished;  the  measurements  with  it,  however,  are 
seldom  accurate  within  a  quarter  of  a  degree.  In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
may  be  obtained  by  means  of  a  different  instrument,  called  the  reflecting 
goniometer. 

209.  Reflecting  Ooniometer. — This  instrument,  devised  by  WoUaston  (1809|, 
has  been  much  improved  in  its  various  parts  since  his  time  by  Mitscnerlicn 
imd  others.    The  principle  on  which  it  is  constructed  may  be  nndentood  bj 
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reference  to  the  following  figure  (Fig.  343),  which  represents  the  section  of  a 
crystal,  whose  angle,  abc,  between  the  faces  ahy  bv,  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  be,  observes  a  reflected 
image  of  m,  in  the  direction  of  Pn,  The  crystal  may  now  be  so  changed  in 
its  position  that  the  same  image  is  seen  reflected  by  the  343 

next  face  and  in  the  same  direction,  Pn.  To  effect  this, 
the  crystal  must  be  turned  around,  until  abd  has  the  « 
present  direction  of  be.  The  angle  dbe  measures,  there- 
fore, the  number  of  degrees  through  which  the  crystal 
must  be  turned;  it  may  be  measured  by  attaching  the  , 
•crystal  to  a  ^^aduated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
41,  p.  28).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  tne  system  of  Miller  here  followed. 

Many  different  forms  of  reflecting  goniometer  of  simple  type  are  in  use. 
The  accompanying  figure  (Fig.  344)  will  sufiSce  to  make  clear  the  general 
-character  01  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements 
added  for  the  sake  of  greater  exactness  of  measurement. 

The  circle,  (7,  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half-minutes. 
The  crystal  is  attached  bv  means  of  wax  to  the  little  plate  at  k\  this  may  be 
removed  for  convenience,  out  in  its  final  position  it  is,  as  here,  at  the  extremity 
of  the  axis  of  the  instrument.  This  axis  is  moved  by  means  of  the  wheel,  n; 
the  graduated  circle  is  moved  by  the  wheel,  m.  These  motions  are  so  arranged 
that  the  motion  of  n  is  independent,  its  axis  being  within  the  other,  while  on 
the  other  hand  the  revolution  of  m  moves  both  the  circle  and  the  axis  to  which 
the  crystal  is  attached.  This  arrangement  is  essential  for  convenience  in  the 
use  of  tlie  instrument,  as  will  be  seen  in  the  course  of  the  following  explanation. 
The  screws,  c,  d,  are  for  the  adjustment  of  the  crystitl,  and  the  slides,  a,  by 
43erve  to  center  it. 

The  method  of  procedure  is  briefly  as  follows:  The  crystal  is  attached  by 
means  of  suitable  wax  at  k,  and  adjusted  by  the  hand  so  that  the  direction  of 
the  combination«>edge  of  the  two  faces  to  be  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  (e.g,,  a  window-bar) 
reflected  in  one  face  is  seen  to  coincide  with  another  object  not  reflected  (c.^., 
a  chalk-line  on  the  floor);  the  position  of  the  graduated  circle  is  observed,  and 
then  both  crystal  and  circle  revolved  together  by  means  of  the  wheel,  m,  till 
the  same  reflected  object  now  seen  in  the  seeond  face  again  coincides  with  the 
fixed  object  (that  is,  the  chalk-line);  the  an^le  through  which  the  circle  has 
l>een  moved,  as  read  off  by  means  of  the  vernier,  is  the  normal  angle  between 
the  two  faces. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of  which 
Ihe  following  are  the  most  important: 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly  stationary, 

2.  The  object  reflected  and  that  witli  which  it  is  brought  in  coincidence 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance  should 
not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  condition  is  satisfied  when 
the  line  seen  reflected  in  the  case  of  each  face  and  that  seen  directly  with 
which  it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only 
vhen  the  intersection-edge  of  the  two  faces  measured  is  exactly  in  the  direction 
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of  the  axis  of  the  inatniment,  and  perpendicular  to  the  plane  of  the  circ]& 
The  adjuHtment  is  accomplished  roughly  by  the  hand  and  accurately  by  the 
Hcrewe  c  utid  </. 

4.  Tlie  crystal  must  be  centered  as  nearly  as  possible,  or,  in  oiber  words, 
tbfi  same  intersection-edge   must  coincide  with  a  liue  dravu  through  the 

3M. 


revolTitg  axis.  This  condition  will  be  seen  to  be  distinct  from  the  preceding, 
which  required  only  that  the  two  directions  should  be  the  same  The  error 
arising  when  this  condition  is  not  satisfied  diminishes  as  the  object  reflected  is 
removed  farther  from  the  instrument,  and  becomes  zero  if  the  object  is  at  an 
infinite  distance.  In  the  centering  of  the  crystal  the  slides  a  and  h  are 
employed. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by  the  aw- 
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of  a  telescope,  as  t  (Fig.  344),  with  slight  magnifying  power.  This  is  arranged 
for  parallel  light,  and  provided  with  a  hair-cross  in  its  focus.  It  admits  also 
of  some  adjustments,  as  seen  in  tne  figure,  but  when  used  it  must  be  directed 
exactly  toward  the  axis  of  the  goniometer.  This  telescope  has  also  a  little 
magnifying-glass  (g)  attached  to  it,  which  allows  of  the  crystal  itself  being 
seen  when  mounted  at  ^^  This  latter  is  used  for  the  first  adjustments  of  the 
crystal,  and  tlien  slipped  aside,  when  some  distant  object  which  has  been  selected 
must  be  seen  m  the  field  of  the  telescope  as  refiected,  first  by  the  one  face  and 
then  by  the  other  as  the  wheel  7i  is  revolved.  When  the  final  adjustments  have 
been  made  so  that  in  each  case  the  object  coincides  with  the  center  of  the  hair- 
cross  of  the  telescope,  and  when  further  the  edge  to  be  measured  has  been 
centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  face  is  smooth  and 
large  enough  to  give  distinct  and  brilliant  reflections.*  I]i  many  cases  sufficient 
accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and  a  white  chalk- 
line  on  the  floor  below  for  the  two  objects;  the  instrument  in  this  case  is 
placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to  the  window; 
the  eye  is  brought  very  close  to  the  crystal  and  held  motionless  during  the 
measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second  stands 
opposite  the  telescope,  t  (see  figure),  the  centers  of  both  telescopes  being  in  the 
same  plane  perpendicular  to  the  axis  of  the  instrument.  This  second  telescope 
has  also  a  hair-cross  in  the  focus,  and  this  when  illuminated  by  a  brilliant  gas- 
burner  (the  rest  of  the  instrument  being  protected  from  the  light  by  a  screen) 
will  be  reflected  in  the  successive  faces  of  the  crystal.  The  reflected  cross  is 
brought  in  coincidence  with  the  cross  in  the  first  telescope,  first  for  one  and 
then  for  the  other  face.  As  the  lines  are  delicate,  and  as  exact  coincidence 
can  take  place  only  after  perfect  adjustment,  it  is  evident  that  a  high  degree 
of  accuracy  is  possible.  Still  more  tlian  before,  however,  are  well-polished 
crystals  required,  so  that  in  many  cases  the  use  of  the  ordinary  double  tele- 
scopes is  impossiole.  Very  often  the  hair-cross  of  the  second  telescope  may 
be  advantageously  replaced  by  a  bright  line  or  cross,  the  light  shining  through 
a  cross  cut  in  tin-foil  (Schrauf),  or  as  given  by  the  analogous  Websky  si^rnal. 
This  li^ht-signal  is  visible  in  the  first  telescope  even  when  the  planes  are 
extremely  minute,  or,  on  the  other  hand,  somewhat  rough  and  uneven;  even 
if  the  image  is  not  perfectly  distinct,  it  may  be  sufficiently  so  to  admit  ol  fairly 
good  measurements  (e,g,,  within  two  or  three  minutes). 

210.  Horizontal  Ooniometer. — A  form  of  reflecting  goniometer  well  adjipted 
for  accurate  measurements  is  shown  in  Fiir.  34f ,  It  is  made  on  the  Babinet 
type,  with  a  horizontal  graduated  circle:  the  instruments  of  the  Mitscherlich 
type,  just  described,  having  a  vertical  circle.  The  horizontal  circle  has  many 
advantac^es,  especifilly  when  it  is  desired  to  measure  the  angles  of  large  crystals 


♦  When  planes  are  ron^h  and  desJifute  of  luster  tho  angles  can  often  best  be  obtjiined 
by  use  of  a  candle-tlaine.  the  diffuse  retlection  of  which  in  the  given  face  tnkts  the  plnce  of 
niore  distinct  imnges.  For  embetlded  crystals,  and  often  in  other  c^ses.  measurements  may 
be  very  advantage  msly  made  from  impressions  in  some  material,  like  sealing:  wax.  Angles 
thus  obiained  ought  to  be  accurate  within  one  degree,  or  even  le^^s,  and  sufflce  for  many 
purposes.  It  is  sometimes  of  advantage  to  attach  to  the  planes  to  be  measured,  when  quite 
rough,  fragments  of  thin  glass,  from  which  reflections  can  be  obtained;  this  must,  however, 
be  done  with  care,  to  avoid  considerable  error.  Ocrasionally  dusting  the  surface  vnut 
graphite  makes  a  ^'sl^imme*  "  nieasuri-ment  with  the  caudle  flame  possible,  or,  again, 
coveiing  it  with  a  thiu  film  of  gum  arabic. 
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or  those  which  are  attuclied  to  the  rock.    This  particular  form  of  iDBtrament 
here  figured  "  is  made  by  R.  Fuess  in  Berlin. 

The  instrument  atands  on  a  tripod  with  leveling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  tarns  the  plate,  d,  carrying 
the  verniers  and  also  the  observing  telescope,  the  upright  support  of  which  is 
shown  at  B.  Within  &  is  a  second  hollow  axis,  e,  wLicn  carries  the  graduated 
circle,/,  above,  and  which  is  turned  by  theecrew-head,  jr;  the  tangent  screw,  a, 
serves  as  a  fine  adjustment  for  the  observing  telescope,  B,  the  screw,  c,  being 
for  this  purpose  raised  so  as  to  bind  b  and  e  together.  The  tangent  screw,  fi, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis,  h,  turned  by  the  acrew-nead,  i,  and  within  h  h  the  central  rod,  which 
carries  the  support  for  the  crystal,  with  tiie  adjusting  and  centering  con- 
trivances meutioned  below.    This  rod  can  be  raised  or  lowered  by  the  screw,  i. 


BO  as  to  bring  the  crystal  to  the  proper  height— that  is  np  to  the  axis  of  the 
telescope;  when  this  has  been  accomplished  the  clamp  at  p  turned  by  a 
eet-key,  binds  a  to  the  axis  h  I  he  movement  of  h  can  take  place  inde- 
pendently of  g  but  after  the  crystal  is  readv  for  measurement  these  two  axes 
are  bound  together  by  the  set  screw  I  1  he  signal  telescope  is  supported  at  C. 
firmly  attached  to  one  of  the  legs  of  the  tripod  Ihe  crystal  is  mounted  on 
the  plate,  «,  with  wax,  the  plate  is  clnmped  by  the  screw,  r.  The  ceuterinf 
apparatus  conaiats  of  two  slides  at  right  angles  to  each  other  (one  of  these  is 
shown  in  the  figure)  and  the  screw,  iz,  which  works  it;  the  end  of  the  other 
corresponding  screw  is  seen  at  a'.  The  adjusting  arrangement  consists  of 
two  cylindrical  sections,  one  of  them,  r,  shown  in  the  figure,  the  other  is  at  r*; 
the  cylinders  have  a  common  center. 

*  The  figure  heru  used  1*  from  the  catalogue  of  Fueai, 
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The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier 
gives  the  readings  to  30",  but  by  estimate  they  can  be  obtained  to  10".  The 
signals  provided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted 
behind  the  collimator  lens;  these  are:  (1)  the  ordinary  telescope  with  the 
hair-cross,  to  be  used  in  the  case  of  the  most  perfect  faces;  (2)  the  commonly 
used  signal,  proposed  by  Websky,  consisting  of  two  small  opaque  circles^ 
whose  distance  apart  can  be  adjusted  by  a  screw  between  them;  the  light 
passing  between  these  circles  enters  the  tube  in  a  form  resembling  a  double 
concave  lens;  also  (3)  an  adjustable  slit;  and,  finally,  (4)  a  tube  with  a  single 
round  opening,  very  small.  There  are  four  observing  telescopes  of  different 
angular  breadth  of  field  and  magnifying  power,  and  hence  suitable  for  faces 
varying  in  size  and  in  degree  of  polish. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjustments 
required  by  every  instrument  before  it  can  be  used  and  in  the  actual  measure- 
ment of  the  angles  of  crystals,  have  been  described  by  Websky  *  with  a  fullness 
and  clearness  which  leave  nothing  to  be  desired,  and  reference  must  be  here 
made  to  his  memoir. 

211.  Theodolite-Goniometer. — A  form  of  goniometer  f  having  many  practical 
advantages  has  two  independent  circles;  it  can  be  used  in  a  manner  analogous 
to  that  of  the  ordinary  theodolite,  as  will  appear  below.  Instruments  of  this 
type  have  been  devised  independently  by  Fedorow,  Czapski,  and  Goldschmidt. 
In  addition  to  the  usual  graduated  horizontal  circle  of  Fig.  345,  and  the  two 
accompanying  telescopes,  a  second  graduated  circle  is  added  which  revolves  in 
a  plane  at  right  angles  to  the  first;  to  the  latter  the  crystal  to  be  measured  is 
attached,  with  the  addition  of  suitable  adjusting  and  centering  contrivances. 

By  this  instrument,  instead  of  the  interfacial  angles  being  measured 
directly,  the  position  of  each  face  is  determined  independently  of  others  by 
the  measurement  of  its  angular  co-ordinates.  These  co-ordinates  are  the  angles 
.  (0  and  p  of  Ooldschmidt)  measured,  respectively,  in  the  vertical  and  horizontal 
circles  from  an  assumed  pole  and  meridian,  which  are  fixed,  in  most  cases,  by 
the  symmetry  of  the  crystal.  In  practice  the  crystal  is  usually  so  mounted 
that  the  prismatic  zone  is  perpendicular  to  the  vertical  circle  and  a  pinacoid 
in  this  zone  is  the  zero  point.  For  example,  with  an  orthorhombic  crystal,  for 
the  face  111,  the  angle  <f>  is  eoual  to  010  A  HO  and  p  to  001  A  HI  for  the 
given  species.  Ooldschmidt  has  shown  that  this  instrument  is  directly 
applicable  to  the  system  of  indices  and  methods  of  calculation  and  projection 
adopted  by  him,  which  admit  of  the  deducing  of  the  elements  and  symbols 
of  a  given  crystal  with  a  minimum  of  labor  and  calculation.  J  Fedorow  has 
also  shown  tnat  this  instrument,  with  the  addition  of  the  appliances  devised 
by  him,  can  be  most  conveniently  used  in  the  crystallographic  and  optical 
study  of  crystals. 


♦See  Websky,  Zs.  Eryst.,  3.  341.  1879;  4,  545,  1880;  also  LieWscb.  Bericht  ttber  die 
wissenscbftftlicbeD  iDStrumente  auf  der  Berliner  GewerbeausstelluDg  im  Jahre  1879, 
pp.  880-882. 

t  Fedorow,  Universal  or  Theodolit- Goniometer,  Zs.  Krvst.,  21.  574,  1893;  22.  229, 
1893:  Czapski,  Zeitscbr.  f.  iDStnimenteDkiiDde,  1.  1893;  Gk>1dschmidt.  Zs.  Kryst..  21,  210, 
1892;  24.  610.  1895;  26,  831.  588,  1896.  On  tbe  metbod  of  Goldscbmidt,  see  t^alacbe.  Am. 
J.  Sc.,  2,  279.  189(6.  A  simplified  form  of  tbe  tbeodolite-goniometer  is  described  by 
StOber,  Zs.  Errst..  29.  26,  1897. 

X  G^ldscbmldt's  latent  contribution  to  tbis  subject  is  his  work,  Erystallograpbiscbe^ 
WinkeltAbellen  (482  pp..  Berlin.  1897).  Tbis  gires  tbe  angles  required  by  bis  systemi 
for  nil  known  species.  Bee  also  Zs.  Kryst.,  29,  861,  1898. 
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COMPOUND  OR  TWIN  CRYSTALS. 

212.  Twin  Cryitals. — Twin  crystals  are  those  in  which  cue  or  more  psrta 
regularly  arranged  are  Id  reverse  position  with  reference  to  the  other  part  or 
parts.     They  often   appear  externally   to   consist  of  two  or  more  ciystaU 

SmmetricallT  nnited,  and  sometimes  have  the  form  of  a  cross  or  star.     They 
jo  exhibit  tlie  composition  in  the  reversed  arrangemeDt  of  part  of  the  face^ 


in  the  strin  of  the  surface,  and  in  re  entenng  angles;  in  certain  cases  tho 
compound  structure  can  only  be  sure]}  detected  by  an  examination  in  polarized 
light.  The  above  figures  (Figs  S46-348)  are  examples  of  typical  Kinds  of 
twin  crystals,  and  many  others  are  given  on  tht  pages  following. 

To  illustrate  the  relation  of  the  parts  in  a  twin  crystal.  Figs.  349,  350  are 
given.  Fig.  349 fibowB  a  regular 
octahedron  divided  into  two 
halves  by  ii  plane  parallel  to  an 
ootahedal  face.  If  now  the 
lower  half  be  supposed  to  be 
revolved  180°  about  an  axis 
normal  to  this  plane,  the 
twinned  octahedron  of  Fig.  350 
resnlts.  This  is  a  common 
type  of  twin  in  the  iEometrio 
system,  and  the  method  here 
employed  to  describe  the  posi- 
tion of  the  parts  of  the  crystal  to  one  another  ia  applicable  to  nearly  nil  twins. 
213.  It  is  important  to  nnderstniid  that  crystals,  or  parts  of  crystals,  so 
grouped  as  to  occupy  parallel  positions  with  reference  to  each  other — that 
is,  those  whose  similar  fnces  are  parallel— are  not  called  twins;  the  term  is 
applied  only  where  the  crystals  or  parts  of  them  are  united  in  their  reversed 
position  in  accordance  with  some  deducible  mathematical  law.  Thus  Fig. 
351,  which  represents  a  cluster  of  partial  erystals  of  analcite.  is  said  to  be  a 
case  of  pnraUel  grouping  simplv  (see  Art,  231) ;  hut  Fig.  369  illustrates  twin- 
ning, and  this  "is  true  of  Fig.  378  tilso.  Since  though  in  these  cases  the  axes 
remain  parallel  the  similar  faces  {and  planes  of  symmetry)  are  reversed  in 
position. 
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214.  Twinning-wdi. — The  relative  position  of  the  parte  of  a  twinned 
crystal  cau  be  beet  described  as  just  expFained,  bj  reference  to  that  line  or  axis 
called   tbe  twimting-OJ-is,  a  revolution  of  180°  about  ^gj 

which  would  serve  to  t>nng  tbe  twitiued  part  parallel  to 
the  other,  or  in  other  words,  which  woald  cause  ooe  of 
the  parallel  parts  to  take  a  twiuued  position  relatively 
to  the  other. 

The  twinning-azis  is  alwajs  a^possible  crystalline 
line — that  is,  either  a  crystallographic  axis  or  the  normal 
to  some  possible  face  on  the  crystal,  usually  one  of 
the  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  have 
actually  been  formed  by  such  a  revolution  of  the  parts 
of    crystals,  for  all    twins   (except  those  of   secondary  Analpiio. 

origin,  se«  Art.  221)  are  the  result  of  regular  molecular 
growth  or  enlargement,  like  that  of  the  simple  crystal.    This  reference  to  a 
reeoJution,  and  an  nxU  of  revolution,  is  only  a  convenient  means  of  describing 
the  forms. 

In  certain  rare  cases,  particularly  of  certain  pseu  do -hexagonal  species,  a 
revolution  of  60°  or  130°  abont  a  normal  to  the  base  has  been  assumed  to 
«xplaiD  the  complex  group  observed. 

216.  T winning-plane. — The  plane  normal  to  the  nxis  of  revolution  is 
called  the  twinning -plane.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  the 
majority  of  cases  the  twinned  crystals  are  symmetrical  with  reference  to  the 
twinning-plane. 

The  twinning-plane  is,  with  rare  exceptions,  parallel  to  a'possible  occnrring 
face  on  the  given  species,  and  usually  one  of  tiie  more  frequent  or  fundamental 
forms.  Tiie  exceptions  occur  only  in  the  triclinic  and  moiioclinic  systems, 
where  the  twinuing-axis  is  sometimes  one  of  the  oblique  crystallographic  axes, 
and  then  tbe  plane  of  twinning  normal  to  it  is  obviously  not  necessarily  a 
crystallographic  plane;  this  is  conspicuously  true  in  albite. 

216.  Composition- i^ane. — The  plane  by  which  the  reversed  crystals  are 
nnited  is  the  composition-plane.  This  and  tlie  twinning-plane  very  commonly 
coincide;  tliis  is  true  of  the  simple  example  given  above  (Fig.  350),  vhere 
tbe  plane  abont  which  the  revolution  may  be  conceived  to  take  place  (normal 
to  the  twinning-axis)  and  the  plane  by  which  the  semi-individinuls  are  united 
are  identical.  When  not  coinciding,  the  two  planes  arc  gcnerallv  at  rlf^ht 
angles  to  each  other—that  is,  the  com  posit  ion -plane  is  parallel  to  tlie  axis  of 
revolution.  Examples  of  this  are  given  beyond.  Still  again,  where  tlie 
crystals  are  not  regularly  developed,  and  where  they  interpenetrate,  the  contact 
surface  may  be  interrupted,  or  may  be  exceedingly  irregular.  In  such  cases 
tbe  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but  the 
composition-plane  loses  its  significance. 

Thus  in  qnartz  twins  the  interpenetrating  parts  have  often  no  rectilinear 
boundary,  but  mingle  In  the  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abrupt  variations  in  the  character  of 
the  surfaces.  This  irregular  internal  structure,  found  in  many  quartz  crystals, 
even  the  common  kinds,  is  well  brought  out  by  means  of  polarized  light;  also 
by  etching  with  hydrofluoric  acid. 

The  com  position -plane  has  sometimes  a  more  definite  signification  than  th& 
twinning-plane.    This  is  due  to  the  fact  that  in  many  cases,  whereas  the  former 
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is  fixed,  the  twinning-axis  (and  twinning-plane)  may  be  ezcbanged  lor  another 
line  (and  plane)  at  right  angles  to  each,  respectively;  since  a  revolution  aboat 
362.         tbo  second  axis  will  also  aatisfy  the  conditions  of  producing  the 
f^!^ — ^    required  form.    An  example  of  this  is  furnished  by  Fig.  362,  of 
''^ ""'  ortlioclase;  the  eompoeition -plane  is  here  fixed — namely,  parallel 

to  the  crystal  face,  b  (010).  But  the  axis  of  revolutisii  may  be 
either  (1)  parallel  to  this  face  and  normal  to  a  (100),  vhicli  is 
then  consequently  the  twinning-plane,  though  the  axis  does  not 
coincide  with  the  crystallograpnic  axis;  or  (a)  the  twioning-axia 
may  be  taken  as  coinciding  with  the  vertical  axis,  and  then  the 
twinning-plane  normal  to  it  is  not  a  crystallographic  face.  In 
j-^^'^Tr.  /  other  simpler  cases,  also,  the  same  principle  holds  good,  generally 
\-  ^s^v^  j„  consequence  of  the  possible  mutual  interchange  of  the  planea 
of  twinning  and  composition.  In  most  cases  the  true  twinning-plane  is 
evident,  since  it  is  parallel  to  some  face  on  the  crystal  of  simpls  mathematical 
ratio. 

217.  An  iDteresling  example  of  tlie  possible  clioice  between  two  twiniiing-ues  at  right 
Biglea  to  cacb  utiier  U  furnished  by  tbe  speclci  ataurolite.  Fig.  409  :bowa  a  priunatic  twin 
fram  Fannin  Co. ,  Ga.  The  measured  no^lc  for  M  was  70°  30'.  The  twlnning-asls  deduced 
f  j'ODi  lliis  ma;  be  nurmnl  to  tbe  face  (280),  wblcb  would  tben  be  tbe  twlnniog- plane.  Or. 
ioatend  of  this  axis.  Us  complenient'vry  ails  at  rif;bt  angles  to  It  may  be  tsken,  which  would 
equally  well  pnnluce  the  obserreii  form.  Now  in  this  apecies  it  happeob  kl:U  tbe  faces,  l8& 
and  230  (over  100),  are  almost  exactly  at  right  angles  with  each  other,  aii:i,  according  to  the 
latter  suppoailion.  I'M  heomes  Ibv  twttiniiig-plaue,  and  Ihe  axis  of  revolution  Is  normal  to 
It.  Hence,  either  230  or  130  inn,v  be  tbe  twitinlng'pliine,  either  supposition  agredng  closely 
witb  the  measured  angle  (which  could  not  be  obtained  with  great  accuracy).  The  former 
method  of  twinning  (iw.  pi.  230)  coufornia  io  ihe  otiicr  twins  observed  on  tbe  species,  and 
bence  It  may  be  nccepled.  Wbat  is  true  in  Ibis  cnse,  bowever,  la  not  always  true,  for  It 
will  seldom  happen  tbat  of  the  iwn  com  piemen  inry  ues  eac)i  is  no  nearly  normal  to  a  face 
of  the  crystal.  In  most  coses  one  of  the  two  axes  conforms  to  the  law  in  belnfc  a  normal 
to  a  pcssible  face,  and  the  other  does  not,  nnd  bence  tbere  la  no  doubt  as  to  which  la  th» 
true  twinning-axls. 

Another  interesting  case  is  that  fumisbed  by  colunibile.  Tbe  common  twins  of  the 
species  arc  similar  to  Fig.  347.  p.  US,  and  hiive  «  (021)  aa  tbe  twinning-pltuie;  but  twins 
also  occur  like  Fig.  404,  p.  138.  where  ibe  twinning- plane  la  g  (028).  The  two  faces,  021 
and  028,  are  nearly  al  right  augte^^  to  each  olbi-r,  but  Ihe  measured  angles  are  In  Ibis  caatt 
sufficiently  eraci  to  prove  that  tbe  twi>  kimls  cannot  be  referred  to  one  and  the  same  law. 

218.  Contact-  and  Penetration-twins. — In  conlaci-twins,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  by  the 
composition-plane;  they  are  illustrated  by  Figs.  347,  350,  etc.  In  actually- 
occurring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  but  oue  may  preponderate  to  a  greater  or  less  extent  over  the  other; 
in  some  cases  only  a  small  portion  of  the  second  individual  in  the  reversed 
position  may  exist.  Very  great  irregularities  are  observed  in  natnre  in  thia 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  tbe  abnormal 
developments  of  one  or  other  of  the  parts,  and  often  only  an  indistinct  line  oa 
some  of  the  faces  marks  the  division  between  the  two  individuals. 

Penetrntion-twins,  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate, as  it  were  crossing  through  each  other.  Normally,  the  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  system  for  both;  practically,, 
however,  as  in  contact-twins,  great  irregularities  occor. 

Examples  of  twins  of  this  second  kind  are  given  in  the  annexed  figtireSr 
Fig.  353  of  fluorite.  Fig.  354  of  tetrahedrite,  and  Fig.  355  of  chabazite.  Other 
examples  occur  in  the  pages  following,  as,  for  instance,  of  the  species  stanrolite- 
(Figs.  40S-4U),  the  crystals  of  which  sometimes  occur  in  natore  with  almost 
the  perfect  symmetry  demanded  by  theory.     It  >8  obvious  that  the  distinction. 
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betweeo  contact;-  snd  penetratiou-twins  is  not  of  great  importauce,  aiit]  tbe  line 
cannot  eJvays  be  clearly  drawn  between  them. 


Fluorhe. 


Tetnhediite. 


Cbabazite. 


Rutile. 


S19.  P>rks«iile  and  XsUgeiilc  Twiu.— Tlie  distinction  of  pnmgeDlc  and  metn^enic  twloa 
belODKS  rslher  lo  cryHtnllogeny  tliiiD  cry»lAll(>gniplij.  Yel  tlie  furms  are  ofleu  so  obvioualy 
dUtiucl  Uiat  a  brief  nolice  of  llic  diailnctliiH  ia  iinpurttiui. 

lo  ordinary  Iwins,  ibe  ounpniiud  elniclun:  bud  ila  b«giuiiiug  in  ^°°' 

a  nuck'al  compound  molecule,  or  wns  compound  iti  Its  very  origin. 
and  whatever  ineqi'nlitieB  In  ihe  result,  Ihesu  are  only  irreffnlaritlts 
in  Ibe  development  from  such  a  niicletia.  But  in  olhera,  Ibe  cryslal 
vrasatflrat  simple;  ftDd  afienvRrds.  throuzli  nome  change  In  itself  or 
In  tbe  cmdlllon  of  the  material  aupplied  fur  its  incresM,  receive: 
Dew  layers,  or  ii  contiiiiintioD.  iu  a  reversed  position.  Tbis  mode  of 
twiDoiug  is  metiifftnie,  or  n  reaull  »iil)H'quent  lo  tbe  origin  of  [be 
crystal;  wblle  llie  ordinary  iDode  is  paragenie.  One  form  of  it  is 
illuslnited  iu  Pig.  856.  The  middle  portion  had  nltaiued  n  lenglb  of 
baJf  an  Inch  or  more,  aod  tbcn  l)ei--nme  genicnluti'd  slmulioneoiisly 
at  either  extremity.  Tbese  geniculallons  are  often  retieateil  in  rullle, 
and  tlie  ends  of  the  cry«la1  are  thus  l>cul  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  fiirms. 

This  metngenic  twinning  is  sometimes  presented  by  tbe  success ve 
layers  of  deposition  in  a  crysttd,  ns  in  some  itnartz  crystals,  especially 
ametbysi.  the  Insepanible  layers,  exceedingly  lliiu,  being  of  opposite  kinds.  In  a  similar 
manner,  crystals  of  tbe  trlcliidc  feldspars,  albiie,  etc.,  are  often  niade  up  of  thin  plates 
])amlle1  to  b  (010),  by  oscillatory  cumposilloD,  and  tbe  face  e  (001).  accordingly,  is  tinely 
Btriated  parallel  lo  the  eil^  «.  b. 

220.  Repeated  Twinning,  FolTiynthetic  and  SymmetricaL — In  tbe  preceding 
paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that  of  tbe  feld- 
spars; it  is  a  case  of  parallel  repetition  or  parnllel  grouping  in  reversed  position 
of  BucceBsive  crystalline  Inmellfe.  This  kitid  of  twinning  ie  often  called  poly- 
suntlietic  twinning,  the  lantellse  in  many  cases  being  extremely  thin,  and  giving 
rise  to  a  series  of  parallel  lines  (stHations)  on  a  crystal  face  or  a  Eurface  of 
cleavage.  The  triclinic  feldspars  show  in  many  cases  polyaynthetic  twinning 
and  not  infrequently  on  both  c  (001)  and  b  (010),  zt.  p.  130,  It  is  also  observed 
with  magnetite  (Fig.  456),  pyroxene,  barite,  etc. 

Anotlier  kind  of  repeated  twinning  is  illustrated  by  Figs.  357-363,  where 
the  successively  reversed  individuals  are  not  paridlel.  In  these  cases  the  axes 
may,  however,  lie  in  a  zone,  as  tbe  prismatic  twins  of  aragoiiite,  or  they  may 
be  inclined  to  each  other,  as  in  Fig.  35!)  of  staurolite.  In  all  such  cases  the 
repetition  of  the  twinning  tends  to  produce  circular  forms,  when  the  angle 
between  the  two  axial  systems  is  an  aliquot  part  of  360°  (approximately). 
Thus  six-rayed  twinned  crystals,  consisting  of  three  individinils  (hence  called 
/rii/iBya),  occnrwithchrysoberyl  (Fig.  35T),orceruBBite(Fig.  358),  or  staurolite 
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(Fie.  359),  since  three  times  the  angle  of  tvinning  in  each  case  is  not  far  from 
360  .    Again,  fite-fold  twins,  or  fivelings,  occur  in  the  octahedrons  of  gold  and 


Spiuel. 


Rutlle. 


Phtllipsll& 


Bpinel  (Fig.  360),  since  5  X  70"  33'  =  360°  {approi.)-  Eight-fold  twins,  or 
eighlUngs,oi  rutile(FigE.  361, 357)  occur,  since  the  angle  of  the  axes  in  twinned 
position  goes  approximately  eight  times  in  360°. 

Repeated  twinning  of  the  symmetrical  type  often  serves  to  give  the  com- 
pound  crystal  an  apparent  symmetry  of  higher  grade  than  that  of  the  simple 
individnal,  and  the  result  is  of  ten  spoken  of  as  a  kind  of  paeudo-8ynimetry(Art. 
20),  cf.  Fig.  397  of  aragonite,  which  represeuts  a  pxeudo-hexagonal  crystaL 
Fig.  3G~  of  pliilltpsite  (cf.  Figs.  432-434)  is  an  interesting  case,  since  it  snows 
how  a  multiple  twin  of  a  monoclinic  crystal  may  simulate  an  isometric  crystal 
(dodecahedron). 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurence;  an  excellent  example  is  afforded  by 
Btaurolite,  Fig,  411.  Tliey  have  also  been  observed  on  albite,  ortboclase,  anc 
in  other  cases. 

321.  Secondary  Twinning. — When  there  is  reason  to  believe  that  the  t»:n- 
iiing  lias  been  prodnced  subsequently  to  the  original  formation  of  the  crya^, 
or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  be  secondarj/. 
Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  such  secondary 
twinning  lamellse.  The  same  are  occasionally  observed  (Pc,  001)  in  pyroxene 
crystals.    Further,  the  polysynthetic  twinning  of  the  triclinic  feldspars  ia  often 
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■econdary  in  origin.  This  subject  is  further  discusaet!  on  a  Inter  psge.  wliere 
it  is  also  ex])lainod  that  in  certain  cases  twinning  may  bu  produced  artificially 
in  ft  crystal  indiTidnal— e.^.,  in  calcite  (see  Art.  281). 

EXAMPLES  OP  IMPORTANT  METHODS  OP  TWINNING. 

222.  Isometiio  System.— With  few  exceptions  the  twins  of  the  normal 
group  of  this  system  are  of  one  kind,  the  twinning-axia  an  octahedral  axis,  and 
the  twinning- plane  consequently  parallel  to  an  actahednU  face;  in  most  cases, 
also,  ihe  lutter  coincides  with  the  composition -plane.  Pig.  35U,  p.  lltj,*  shows 
this  kind  as  Applied  to  the  simple  octs,nedron ;  it  is  especially  common  with  the 
spinel  group  of  minerals,  and  is  hence  called  in  genera!  a  apinet-twtn.  Fi^. 
^63  is  a  similar  more  complex  form;  Fig.  364  shows  t  -lube  twinned  by  this 


method,  and  Fig.  365  represents  the  same  form  but  shortened  in  the  direction 
of  the  octabedrS  axis,  and  hence  having  the  anomalous  aspect  of  a  triangular 
pyramid.     All  these  cases  are  contaot-twins. 

Pen etration-t wins,  followine  the  same  law,  are  also  common.    A  simple 
case  of  flaorite  ia  shown  in  Fig.  353,  p.  121;  Fig.  366  shows  one  of  galena; 


Fi^.  36T  is  a  repeatftd  octahedral  twin  of  haiiynite,  and  Fig.  368  a  dodecahedral 
twiu  of  Bodalite. 
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223.  In  the  pyriiohedral  group  of  the  isometric  ajstem  penetration -twina 
of  the  type  shown  in  Fig.  369  are  common  (this  form  of 
pyrite  is  often  called  tbe  itoh  cross).  Here  the  cubic 
axis  is  the  twinning- ax  is,  and  obviously  such  a  twin  is 
impossible  in  the  normal  group. 

Figs.  370  and  371  show  anatogone  forms  with  parallel 
axes  for  crystals  belonging  to  the  tetrahedral  group, 
'['he  peculiar  development  of  Fig.  370  of  tetrahedrite  is 
to  be  noted.  Fig.  373  is  a  twin  of  the  ordinary  spinel 
type  of  another  tetrahedral  speciea,  sphalerite;  with  it, 
complex  forms  with  repeated  twinning  are  not  uncommon 
Pj'Hte.  and  sometimes  polyaynthetic  twin  lamellse  are  noted. 

224.  Tetragonal  System. — The  most  common  method  is  that  where  the 
twinning-p!ane  ie  parallel  to  a  face  of  tbe  pyramid,  e  (LOl^.  It  is  especially 
characteristic  of  the  species  of  the  rutile  group— viz,,  rutile  and  cassiterite; 

370.  371.  372. 


Tetrabedriie. 


£ulytiie. 


Bpliftlerite. 


also  similarly  the  allied  species  zircon.  This  is  illustrated  in  Fig.  373,  and 
again  in  Fig.  374.  Fig.  375  shows  a  repeated  twin  of  rntile,  the  twinning 
according  to  this  law;  the  vertical  axes  of  the  snccessive  six  individnals  lie 
in  a  plane,  and  an  inclosed  circle  is  the  result.    Another  repeated  twin  of  rntile 


374. 


376. 


Cassiterite. 


ZIrcoD. 


Rutile. 


according  to  the  same  law  is  shown  in  Fig.  361;  here  the  sncceseive  Tertical 
axes  form  a  zigzag  line;  Fig.  376  shows  an  analogous  twin  of  hausmannite. 

Another  kind  of  twinning,  tw inning-plane  parallel  to  a  face  of  the  pyramid 
(301),  is  shown  in  Fig.  377. 

225.  Iti  the  pyramidal  group  of  the  same  system  twins  of  the  type  of  Fig. 
378  are  not  rare.  Here  the  vertical  iixia,  i,  ie  tbe  twinning-axu;  sncb  a 
crystal  may  simulate  one  of  the  normal  group. 
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376.  377.  378. 


HausmtDDlte.  Rullle.  Scbeelite. 

In  chalcopyrite,  of  the  sphenoidal  group,  twinning  with  a  face  of  the  unit 
pynmid,  /  (111),  aa  th«  twiuuing-plano  is  common  (Fig.  3*9),  As  tlie  angles 
differ  bat  a  small  fraction  of  a  degree  from  those  of  a  regnlar  octatiedron,  such 
twins  often  resemble  closely  spinel-twins.  In  Fig.  380  a  repeated  twin  of  this 
tjy«  has  a  psendo-rhombohed  i-al  aspect.  In  Fig.  381  the  t winning-plane  is 
£  (101).    Otner  rarer  kinds  of  twinning  have  also  been  noted. 


2S0.  Hoagoul  Syitsm.- 
are  rare. 


Clialcopyrlte. 
—In  the  hexngonal  diyision  of  this  syatem  twina 
re.     An  example  is  furnished  by  pyrrhotite.  Fig. 
where  the  twinning-planeis  the  pyramid  (lOll),  the 
Tertical  axes  of  the  iadividnal  cryatala  being  nearly  at 
right  angles  to  each  other  (since  0001  A  lOll  —  45°  8'). 
Apparent  cruciform  twins  of  apatite,  of  the  pyramidal 
group,  liaye  been  noted  in  some  rare  cases.     Here  the 
diagonal  pyramid  s  (ll2l)  was  the  plane  which  seemed 
to  be  the  twinning-plane.     These  cases  need  confirma- 
tion. 

287.  In  the  species  belonging  to  the  trigonal  or  rhomhohedreil  diTision, 
twins  are  common.  Thus  the  twinning-aiis  may  be  the  vertical  axis,  as  in  the 
contact-twins  of  Figs.  383  and  384,  or  the  penetration-twins  of  Figs.  348,  385. 
Or  the  twinning-plane  may  be  the  obtuse  rhombohedron  e  (0112),  as  in  Fig. 
386,  the  vertical  axes  crossing  at  angles  nf  127^°  and  52^°;  these  forms  are 
often  curiously  distorted,  as  in  Figs.  387,  388.  Again,  the  twinning-plane  may 
be  r  (lOll),  as  in  Fig.  389,  the  vertical  axes  nearly  at  right  angles  (OOJ");  or 
(OiSSl),  M  in  Fig.  390,  the  axes  inclined  533°  and  126i°.  fii  Fig.  391  of 
^melinite  the  twinning-plane  is  the  rhombohedron  (30.52),  which  corresponds 
in  angle  with  the  common  fundamental  form  of  the  allied  species  chabazite. 


Pyrrhotlle. 
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Figs.  336-390,  Ciildie  Fig.  391.  Gmeliiiite. 
In  the  trupfzohedrul  group,  the  species  qiiaitz  shows  several  methods  of 
twinning.  In  Fig.  392  the  twinning- plane  is  the  diagonal  pyramid  £  {llSS^, 
the  axes  crossing  nt  niigles  of  84^°  and  95^°.  In  Fig.  393  the  twinning-azis 
is  i,  the  axes  hence  jmraljel,  the  individuals  both  right-  or  both  lefj.-handed 
but  nnsym metrical,  r  (1011)  then  parallel  to  and  coinciding  with  z  (Oil  1).  The 
reanlting  forms,  as  in  Fig.  393,  are  mostly  penetration-twins,  and  the  parts  are 
often  very  irregularly  united,  as  sliown  by  dull  areas  {z)  on  the  plus  rhombo- 
liedral  face  (r);  otherwise  these  twins  are  recognized  by  pyro-electrical  phe- 
nomena. In  Fig,  394  the  twinning-plane  is  n  (11'30)— the  Brazil  law— the 
individuals  respectively  right-  and  left-handed  and  the  twin  symmetrical  with 
reference  to  an  n-face;  these  are  nsuallv  irregular  penetration-twins;  iu  these 
twins  r  and  r,  also  z  and  z,  coincide.  These  twins  often  show,  in  conrer^ng 
polarized  light,  the  phenomenon  of  Airy's  spirals.  It  may  be  added  that 
pseudo-twius  of  quartz  are  common — that  is,  groups  of  crystals  which  nearly 
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conform  to  some  more  or  less  complex  twinning  law,  but  where  the  "Tonptug' 
13  nevertiielesB  only  accidental.  See  also  the  remarks  in  Art.  232  abont 
Fig.  433. 

392.  393.  394.  396. 


Flga.  S03-8S4,  Quikrtz.    Pig.  305,  Pbeoaclte. 


Tn  Fig.  395  of  phenacite  (cf.  p.  80  et  seq.)  the  vertical  asis  is  obviously  the 
twinning-axis. 

228.  Orthorhombio  Syitem. — In  the  orthorhombic  G^stem  the  commoneBt 
method  of  twinniiig  is  that  where  the  twinning-plane  is  a  face  of  a  prism  of 


(J 

~ 

/• 

\              1 

J> 

si 

^ 

1 

is            J' 

J 

FIgg.  896-398,  AmgoDiIe. 


60°,  or  nearly  60'.  This  is  well  shown  with  the  speoies  nf  tlic  aracronite  groiiii 
In  accordance  with  the  principle  ctatcil  in  .^rt.  220,  the  twinning  after  tins 
law  is  often  repeated,  and  thus  forms  with  psendo-hexaEonal  symmetry  resnlt. 
Fig.  .W6  BhowB  a  simple  twin  of  arugonite;  Figs.  397,  398  repeated  forms 
exhibiting  the  irregnlarities  on  the  faces  due  to  the  fact  that  the  |»ism&tio 
angle  is  not  exactly  60°.  Fig.  399.  a-e,  show  further  some  of  the  methods  of 
composition  which  have  been  noted;   in   e  the  twinning  is  polysynthetic 
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"With  vitherite  (and  bromlite),  apparent  hexagonal  pyramide  (Fige.  400,  401) 
Are  commoa,  but  the  true  complex  twinning  is  revealed  in  polarized  light, 
400  401.  "^  noted  later. 

Twinning  ot  the  same  type,  bnt  where  a  dome  of 
60°  IB  twinning-plane,  is  common  with  arsenopyrite 
(tw.  pi  a  (101),  as  shown  in  Figs.  402,403;  also  Fig.  404 
of  colambite,  bnt  compare  Fig.  347  and  remarks  in 
Art.  217.  Another  example  is  given  in  Fig.  357  of 
alexandrite  (chrysoberyl).  Chrysolite,  manganite, 
hnmite,  are  other  species  with  which  this  kind  of 
twinning  is  common. 

403.  404. 


Wiiherita. 


AiMnopyrito.  Colnrabite. 

Another  common  method   of  twinning  is  that   where  the  twinning  is 
parallel  to  a  face  of  a  prism  of  about  70^",  as  shown  in  Fig.  405.     With  this 
method  symmetrical  fivelinge  not  infrequently  occur  (Figs.  406,  407). 
406.  400,  407. 


Harcaalte.  Harcasite.  ATWDopTiita. 

The  species  atanrolite  illnBtnttea  three  kinds  of  twinning.    In  Fig.  408  the 

408.  409.  410. 
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wiDiUDg-jdaiMia(03S),aDdsit>oe(001  '03?)  =43'^41'.th«cry!!Ulscro6f  nrariT 
at  ri^h:  angles.  In  Fig,  409  tli*  twinning 
plane  is  the  priGm  (-:!30).  In  Fie.  410  it  is 
the  pTramid  (SK);  the  crrstals  tlien  croas- 
isf  at  angies  of  abont  60\  stellate  trilling 
occnr  (see  Fig.  3o9).  and  indeed  more  com- 
plex forms.  In  Fig.  411  there  is  twinning 
accoi^ing  to  both  (H3-:;)  and  [tS'i), 

In  lh«  h«mimorphic  gronp,  twins  of  the 
type  shown  in  Fig.  4l:i,  with  c  as  the  twin- 
DiDff^lane,  are  to  be  noted. 

S99.  Konoeliaie  Syttam. — In  the  mono> 
clinic  B^Biam,  twins  with  the  Tertic^  axis  as 
twinning-axis  are  common ;  this  is  illustrated 

LFig.  413  of  angite  (pyroxene).  Fig.  414  of  gypanm,  and  Fig.  413  of  ortho- 
le  {see  also  Fig.  352,  p.  120).  With  the  latter  species  these  twins  are  called 
!arlsbad  twina  (becanee  oommoo  in  the  trachyte  of  Carlsbad,  Bohemia);  they 
lay  be  contact-twins  (Fig.  352),  or  irregnl&r  penetration- twins  (Fig.  415),  In 
Ig.  352  it  is  to  be  not«d  that  c  and  x  fall  nearly  in  the  same  plane. 


Stauniliie. 


BtraTltc. 


414. 


^f^"^ 


^ 


AuglM.  Ojpsum.  OrtliMlnse. 

In  Fig.  416,  also  of  orthoclase,  the  twinning-nlane  is  the  cliuodome  (031), 

nd  sinoe  (001  A  021)  =  44"  56^',  this   method  of  twinning  yields  nearly 

qoare  prisms.    These   twins   are   cilled   Baveno  twins  (from  "a  prominent 

reality  at  Bareno,  Italy) ;  they  are  often  repeated  (Fig.  417).     In  Tig.  418  a 

410.  417.  418. 


Ortboclase. 

\fffnebaefi  twin  is  shown;  here  the  twinning- plane  is  c  (001).  Other  rarer 
ypes  of  twinning  bare  been  noted  with  ortlioclase.  Polyayntiiotic  twinning 
rith  c  (001)  as  tviaoing-plane  is  common  with  pyroxene  (cf.  Fig.  430,  p.  131). 
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Twins  of  the  ariicoiiiie-cliry sober jl  type,  are  not  uncommon  with  mono- 
clinic  species,  Imvirig  h  pruiiiiiibnt  60°  prism  (or  dome),  aa  in  Fig.  419.  Stellate 
twins  after  this  law  are  common  with  choDdro<]ite  and  clinohumite._  An  anal- 
ogons  twin  of  pyroxene  ia  shown  in  Fig.  420;  here  the  pyramid  {12'Z}  is  the 
twinning-plane,  and  since  (010  A  123)  =  ^9°  ^l'.-  the  crystals  cross  ut  angles 
of  nearly  60°;  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  since 
(100  A'i32)  =  90°  9',     Iq  Fig.  421  tlie  twinning-plane  is  the  orthodome 


419 


420. 


421. 


Pyroxene. 


(101).  Ftiillipsite  and  barmotome  exhibit  multiple  twiiininf;.  and  the  crystals 
often  show  pseudo-symmetry.  Fig.  433  shows  a  cruciform  fourling  with  c  (OOl) 
as  twinuingplaue,  the  twinning  shown  by  the  stniitions  on  the  side  face. 
This  is  compounded  in  Fig.  423  with  twinning-plane  (Oil),  making  nearly 
sqnare  prisma,  and  this  further  repeated  with  tit  (110)  as  twinning-plane 
yields  the  form  in  Fig.  424.  or  even  Fig.  362.  p.  12-2,  resembling  an  isometric 
dodecahedron,  each  face  showing  a  fourfold  etriation. 


Phlllipalie. 


230.  Tridinic  Syitem.— The  most  JntereBting  twins  of  the  triclinic 
system  are  those  shown  by  the  feldspars.  Twinning  with  b  (010)  ae  the 
twinning-plane  is  very  common,  especially  polvsynthetic  twinning  yielding 
thin  parallel  liiineUie,  shown  by  thestrlationson  the'face(;((W  thecorreBpoiiding 
cleavage- surface),  and  also  clearly  revealed  in  polarized  light,  Tiiie  is  known 
as  the  alMe  law  (Fig.  425).  Another  important  method  (Fig.  4^6)  is  that  of 
the  /m-icliiie  lair;  the  twinning-axis  is  the  crystal) ogruphic  axis  h.  Here  the 
twins  are  united  bv  a  section  (rhombic  section)  shown  in  the  figure  and  further 
eiphiined  under  the  feidspurs.  Polvsynthetic  twinning  after  this  law  is  com- 
mon, and  hence  a  cleavage- ma.sB  may  show  two  sets  of  striations,  one  on  the 
surface  parallel  to  c  (001)  and  the  other  on  that  panillei  to  A  (010).     The 
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angle  made  by  these  last  stiiations  with  the  edge  001/010  is  characteristic  of 
the  particular  triclinic  species,  as  noted  later. 


Labradorite.  Albhe.  Albila 

Twins  of  ulbite  of  other  rarer  ty]ie8  also  occur,  and  further  twins  similar 
to  the  Carlsbad,  Baveno,  and  Manebach  twins  of  ortlioclase.  Fig.  437  shows 
twianing  according  to  both  the  alblte  and  Carlsbad  types. 

REGULAR  GROUPING   OK   CRYSTALS. 
231.  Parallel  Qroaping. — Connected  with  the  subject  of  twin  crystals  is 
that  of  the  parallel  position  of  associated  crystals  of  the  same  sipecies,  or  of 
different  species. 

Crystals  of  the  same   species  occurring  together  are  very  commonly  in 
parallel    position.     In   this  way  large  crystals,  as    of 
caicite,  quartz,  fluurite,  are  sometimes   built   up   of 
smaller  iiulividnals  grouped  together  with  correspond- 
ing faces  pni-allel.     This  parallel  grouping  is  often 
seen  in  crystals  as  they  lie  on  tho  sup[>orting  rock. 
On   glancing  the  eye  over  a  surface  covered  with 
crystals    a   reflection    from    one   face   will    often    be 
accompanied    by  reflections   from    the  corresponding 
1  face  in  each  of  the  other  crystals,  showing  that  the 
TVBtals  are  throughout  similar  in  their  positions. 
With  many  species,  complex  crystalliTie  forms  result 
from  the  growth  of  parallel  partial  crystals  inthedlrec- 
tion  of  the  crystal  log  rap  hie  ases,  or  axes  of  symmetry.  _ 


l^roUDe  iu  parallel  posmon. 
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Thus  dendritic  forms,  resembling  branching  vegetation,  often  of  great  delicacy, 
are  seen  with  gold,  copper,  argentite,  and  other  species,  especially  those  of  the 
isometric  system.  This  is  shown  in  Fig.  42H  (ideal),  ana  again  in  Fig.  429^ 
where  the  twinned  and  flattened  cubes  (cf.  Fig.  3G5,  p.  123)  are  grouped  in 
directions  corresponding  to  the  diagonals  of  an  octahedral  face  which  is  the 
twinning-plane. 

232.  Paralle]  Grouping  of  Unlike  Species. — Crystals  of  different  species  often 
show  the  same  tendency  to  parallelism  in  mutual  position.  This  is  true  most 
frequently  of  species  which  are  more  or  less  closely  similar  in  form  and  com- 
position. Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  some- 
times an  example  of  this;  crystals  of  amphibole  and  pyroxene  (Fig.  430),  of 
zircon  and  xenotime  (Fig.  431),  of  various  kinds  of  mica,  are  also  at  timea 
observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes  of 
the  latter.    Crystals  of  calcite  have  been  observed  whose  rhombohedral  faces 


432. 


433. 


had  a  series  of  quartz  crystals  upon  them,  all  in  parallel  position  (Fig.  432); 
sometimes  three  such  quartz  crystals,  one  on  each  rhombohedral  face, 
entirely  envelop  the  calcite,  and  unite  with  re-entering  angles  to  form  pseudo* 
twins  (rather  trillings)  of  quartz  after  calcite.  A  similar  occurrence  from 
Specimen  Mountain,  in  the  Yellowstone  Park,  is  shown  in  Fig.  433. 
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233.  The  laws  of  crystallization,  when  unmodified  by  extrinsic  causes, 
should  produce  forms  of  exact  geometrical  symmetry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
directions  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  The  various  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
actual  crystallographic  symmetry,  have  been  discussed  in  Arts.  14  and  18  tt 
seq.  Crystals  are  very  generally  distorted,  and  often  the  fundamental  forms 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irregularities  is  required  in  order  to  unravel  their  complexities.  Even  the 
angles  may  occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1^ 
Variations  of  form  and  dimensions;  2,  Imperfections  of  surface;  3,  Varia- 
tions of  angles;  4,  Internal  imperfections  and  impurities. 
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^  VAEIATIOXS  IX  THE  FORMS  AXD  DIMENSIONS 

OF  CKYSTAL& 

834.  Distortioii  im  OeienL — The  Tariations  in  the  forms  of  crrst^ds,  or,  in 
ter  words,  their  distoriioHy  may  be  irrtgulur  iu  character,  certain  facos 
ng  hirger  and  others  smaller  than  in  the  ideal  geometrical  solid.  On  the 
ler  handy  it  may  be  symmeiricaly  giving  to  the  distorted  form  the  symmetry 
a  group  or  system  different  from  that  to  which  it  actually  belongs.  The 
mer  case  is  the  common  rule,  but  the  latter  is  the  more  interesting, 
235.  Irrag^nlar  Disturtum. — Aa  stated  above  and  on  p.  11,  all  crystals  show 

to  a  greater  or  less  extent  an  irreir^ilar 
or  accidental  variation  from  the  ^dcal 
geometrical  form.  This  distortion,  if 
not  accompanied  by  change  in  the  inter- 
facial  angles,  has  no  particular  signifi* 
cnncc,  and  does  not  involve  anv  deviation 
from  the  laws  of  crystal lograplnc  sym* 
iiietry.     Figs.  434,  435  show  distorted 


434. 


435. 


:h  tbe  ideal  form,  Fig.  2GG,  p. 


^^      crystals  of  quartz ;  they  may  be  compared 
.  83.     i\g.  436  18  an  ideal  and  Fig.  437  an 


436. 


437. 


438. 


ApAtfte. 


;ual  crystal  of  lazulite.    So,  too,  Fig.  438  is  a  distorted  crystal  of  apatite,  to 
compared  with  Fig.  216,  p.  72. 

Tbe  correct  ideDtification  of  the  foiins  on  a  crystal  is  rendered  much  more  difllcult 
^use  of  this  prevailing  distortion,  especially  when  it  results  in  the  entire  oblitaation  of 
-tain  faces  by  the  enlargement  of  others.  In  deciphering  the  distorted  crystalline  forms 
m<iMt  be  remembered  that  while  tlie  appearance  of  the  crystals  may  be  entirely  altered, 
i  interfjcial  angles  remain  the  same;  moreover,  lilte  faces  are  physically  alike— that  is, 
ke  in  desrree  of  Taster,  in  striations,  »ud  so  on.  Thus  the  prismatic  faces  of  quaitz  show 
DOSt  always  characteristic  horizontal  striations 

In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
eater  irregularities  are  due  to  the  fact  that,  in  many  cases,  crystals  in  nature 
B  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
this  are  only  partially  developed.   Thus  quartz  crystals  are  generally  attached 

one  extremity  of  the  prism,  and  hence  have  only  one  set  of  pyramidal  faces; 
rfectly  formed  crystals,  having  the  double  pyramid  complete,  are  rare. 

236.  Symmetrioal  Distortion. — The  most  interesting  examples  of  the  syni- 
etrical  distortion  of  crystalline  forms  are  found  among  crystals  of  the 
)metric  system.    An  elongation  in  the  direction  of  one  cubic  axis  may  give 
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the  appearance  of  tetraganal  aymmetry,  or  that  in  the  direction  of  two  cnbio 
axes  oF  ortborhombic  Bjmoietry;  while  Ju  the  direction  of  an  octahedral  axis 
a  lengthening  or  shortening  gives  rise  to  forms  of  apparent  rbombohedral 
aymmetry.     Such  caaes  are  common  with  native  gold,  silver,  and  cop^r. 

A  ciilie  leriglbtueil  or  atiorti'aeii  along  one  uxia  becomes  a  rigbt  squnrt  pnsm,  and  if 
Tarieil  in  llii-  <lirei:lioQ  of  two  axes  is  diiinged  lo  b  rectangular  prism.  Cubes  of  pyrite. 
galviiH.  fliiorile.  vie.  are  often  Ibus  distorted.  It  is  very  unusual  to  lind  a  cubic  crrstal 
tliiii  is  n  iruc  syniineirintl  cube.  In  some  s|>ecleslbe  cul>e  or  oclabedron  (or  ulber  isc 
foi'iii)  \-t  lciii;1lieiicil  into  n  cnpillary  crystal  or  ueedle.  ua  happens  in  cuprite  and  pyri 

All  tic\iihvtirai\  fi-illeiied  iMiaile]  laii  face — tb&t  is.  in  Ibcdirectiouof  a  trigonul  iiii« 
Ih  reduced  ii>  n  tabular  crystal  resembling  a  rbombohedral  crystal  with  basal  plane  (Fig. 
439|  If  leiigttteiitd  in  ilie  same  direcliou.  lo  tlie  ohllteratioti  of  the  termloal  octahedral 
faces,  ii  becumes  an  scute  rbumbobedron  (cf.  Fig.  440). 


439. 


Wbeu  an  octabedrun  is  extended  In  ibe  dfraciioB  of  a  li 

or  Ibai  of  a  rbouibic  iuleraxis,  It  lias  the  general  form  of  a  rectangular  octabedrou  ;  and 
still  fiinber  extended,  as  in  Fig.  441,  it  is  ciiaoged  to  a  rbombic  prism  witb  dihedial  sum- 
mits (spinel,  fluorite,  magnelite).     Tlie  figure  represents  Ihis  prism  lying  on  its  acute  edire. 
Tbc  dodeeahedroJi  lengtbened  in  tbe  directiou  of  a  iliagooal  between  the  obttise  solid 


angles— r  bat  is.  tbat  of  n  trigonal  I nterax is— becomes  n  six-sided  prism  witb  ttarec-Blded  sum- 
mils,  us  ill  Fie.  443.  If  slioneiied  in  Ibe  same  direcliou,  it  Ijecomes  a  thort  prism  of  tbe 
sanii;  kind  (Fig.  448).  Bolb  resemble  rliombobedrul  forms  and  are  common  in  garnet 
(cuinpare  Fig  234,  p.  76,  of  ealcite).  Wbeu  lengthened  In  the  ilirt-ction  of  one  of  the  cubic 
Hues  [lie  dnfteniliedron  becomes  a  square  prism  with  pyramidal  summits  (Fie.  444).  and 
Rhorleneil  iilcng  the  same  axis  it  is  reduced  lo  a  square  oclabedron.  witb  Irunoled  basal 
anrlos  (Pig.  445). 

Tbe  inpezobedron  elongated  In  the  direction  of  nn  octahedral  (trigonal)  axis  asaames 
Tliomliolii-drr.l  (triuoniil)  !iymmctry.  Tbe  resulting  forms  referred  to  tne  usual  hexagonal 
axes  for  botb  (Sll)  and  (311)  are  as  follows: 


(211)  (1014) 
(ail)  (I3S3) 
(118)       (lOiO) 


(Bit)  (2025) 
(811)  (2243) 
(Sii)       (4041) 
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For  (211)  ihe  reaulUng  rorm  la  Sm  tbat  of  Fig.  446,  and  if  siill  fartlier  leDgilieoed,  to  tbe 
obliieratiou  of  some  of  (be  facce,  ii  becomes  a  scalcnohettrou  (tig  447j.  TbU  Imii  been 
obaerved  in  fluorile.     Only  iwelre  Tacei  are  bere  preseiil  uul  of  ILu  iwi^nty-foor.     If  tbe 


elongation  of  Ibia  IrapezobedroD  (311)  takes  place  nlong  a  cubic  axis,  it  becomes  a  double 
efgbt-shled  pyramid  witL  four-sided  summlia  (Pig.  448);  or  if  lliesc  summit  planes  am 
oblittraled  by  a  fartber  exteosioD,  U  becomes  a  complete  ci^^bl-aided  double  pvraroid 
(Pip.  449)- 

Tbe  accom  pan  ring  flg^irca  illustrate  the  rbomboliedral  distortion  of  Ibe  trnpcziiljedton 
""   1.  W.     Fii     ■" ■         ■ 


(311f.  c(.  Pig.  93.  I 


4S0. 


Fig.  490  shows  tbe  faces  us  projected  on  a  plnne  normal  t 


461. 


462. 


463. 


octahedral  atU.  and  Fig.  451  b 
rtiouiboiiedrou  (40il),  a  diagonal 
464.  455. 


s  the  rcBtiJiing  distorled   form,   resi'mblinff  nn  acute 

Tiiinid  (£24^1),  aud  nil  olituse  terniiuul   rhoinl>oljedroii 

{■HI25j.     Tbe  uatlve  |.'Old  fiom  tbeWbitt  Bull  mine, 

UregciD.   sommimeB  eonslsts  of  a  sleniier  string  of 

rjHlfils,  and  not  tnfrequi-ully 


such  rbombohcdrnl  c  ,        . 

Ibere  aie  minor  bmni-lies  in  tlie  dircctimi  nr'lirn  a. 
more  «l  tbe  <fffler  uciahedral  axes  (FiKn.  433.  4SS). 
The  IrisoctabeiiroN  is  rare  ng  a  prominent  form, 
but  a  curioua  exnmple  of  its  dislortion  is  giroii  in 
Figs.  454,  455  of  pyrlte  Imm  Frencii  Creeli.  Penu. 
The  form,  apparently  ictmi-o'ial  (or  ortborbouiliic), 
shows  only  eight- faceii  of  Ibe  trisoctiiliedron  )'(383l. 
and  these  are  strongly  rounded;  fates  of  Ibe  pyrilo- 
bedron  «  (310)  also  appear  as  a  subordinate  forni. 
Similarly  tbe  tetrabeiabedron  and  bexociahedron 

may  show  distortion  of  the  same  kiod.    Furtber  examples  are  to  be  found  la  the  other 

systems. 
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2.  IMPERFECTIONS  OF  THE  SURFACES  OF  CRYSTALS. 

237.  Striations  Dae  to  Otcillatory  Combinatioiu. — The  parallel  lines  or 
furrows  on  the  surfaces  of  crystals  are  called  atrim  or  striations,  and  such 
surfaces  are  euid  to  be  striated. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  to  difterent 
faces  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continued 
oscillation  in  the  operation  of  the  causes  that  give  rise,  when  acting  unint«r- 
ruptedly,  to  enlarged  faces.  By  this  means,  the  surfaces  of  a  crystal  are 
marked  in  parallel  lines,  with  a  succesaion  of  narrow  planes  meeting  at  an 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  a  surface  has  been 
termed  oncillaluri/  combination.  The  horizontal  Htriations  on  prismatic 
crystals  of  quartz  are  examples  of  this  combination,  in  which  the  oscillation 
has  taken  place  between  the  prismatic  and  rhonibohedral  faces.  Thus 
crystals  of  quartz  are  often  tapered  to  a  point,  without  the  usual  pyramidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  pyrite  parallel  to 
the  interaectious  of  the  cube  with  the  faces  of  the  pyritohedron;  also  the 
striations  on  magnetite  due  lo  the  oscillation  between  the  octahedron  and 
dodecahedron.  Prisms  of  tonrmaline  are  very  commonly  bounded  vertically 
by  three  convex  surfaces,  owing  to  an  oscillatory  combination  of  the  faces  in 
the  prismatic  zone. 

238.  Striations  Due  to  Repeated  Twinning. — The  striations  of  the  basal 
plane  of  albite  aud  other  triclinic  feldspars,  also  of  the  rhombobedral  surfaces 

46fi.  of  some  calcite,  have  been  eiplained  in  Art.  820  as  du& 

to  polysynthetic  twinning.  This  is  illustrated  by- 
Fig.  456  of  magnetite  from  Port  Henry,  N.  Y. 
(Kemp.) 

239.  Uarkings  &om  Erosion  and  Other  Cansei. — 
The  faces  of  crystals  are  not  uncommonly  uneven,  or 
have  the  crystalline  structure  developed  as  a  con- 
sequence of  etching  by  some  chemical  agent.  Cubes 
of  galena  are  often  thus  uneven,  and  crystals  of  lead 
sulphate  (angleaite)  or  lead  carbonate  (cemssite)  are 
sometimes  present  as  evidence  with  regard  to  the 
cause.  Crystals  of  numerous  other  species,  even  of 
Magnetite  corundum,  spinel,  quartz,  etc,  sometimes  show   the 

same  result  of  partial  change  over  the  surface— often  the  incipient  stage  in  a 
process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  investiga- 
tions have  been  made  by  various  authors  on  the  action  of  solvents  on  different 
minerals,  the  actual  structure  of  the  crvstals  being  developed  in  this  way. 
This  method  of  etching  is  fully  discussed,  with  illustrations,  in  another  place 
(Art.  265). 

The  markings  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  the  faces  having  the  form  of  low  jiyrumids  (so-called  vicinal 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crystal,  and 
often  serve  to  show  the  succesaive  stages  in  its  history.  They  may  bo  imper- 
fections arising  from  an  interrupted  or  disturbed  development  of  the  form,  the 
perfectly  smooth  and  even  crystalline  faces  being  the  result  of  completed 
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action  free  from  disturbing  cADSes.  Examples  of  the  markings  referred  to 
occur  on  the  crystHls  of  most  minerals,  and  conspicaously  so  on  the  rbombo* 
hedral  faces  of  quartz. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octahedrons  of  Suorite 
are  common  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octahedron.  Sometimes  an  examina- 
tion of  Bach  a  crystal. shows  that  though  the  form  is  apparently  octahedral, 
there  are  uo  octahedral  faces  present  at  all.  Other  similar  cases  could  be 
mentioned. 

Whatever  their  cause,  these  minute  markings  are  often  of  great  importance 
aa  revealing  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  must  be  physically  alike— that 
is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  all  the 
crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uniformity  on 
the  faces  of  quartz  crystals  in  this  respect, 

240.  Curved  larfaoet  may  result  from  (n)  oscillatory  r^ombination ;  or  {b) 
some  independent  molecular  condition  producing  curvatures  in  the  laminie  of 
the  crystal;  or  (r)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  Jiave  been  already  mentioned  (Art.  837). 
A  singular  curvature  of  this  nature  is  seen  in  Fig.  457,  of  calcite;  in  the  lower 
part  traces  of  a  scalenohedral  form  are  apparent  which  was  in  oscillatory  com- 
bination with  the  prismatic  form. 

</urvatures  of  the  second  kind  sometimes  have  all  the  faces  convex.  This 
is  the  case  in  crystals  of  diamond  (Fig.  4oS),  some  of  which  are  almost 
spheres.  The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is 
less  common  than  that  in  which  a  convex  surface  is  opposite  and  parallel  to  a 
corresponding  concave  surface.  Rhombohedrons  of  dolomite  and  siderite  are 
usually  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
bagging-stones  of  pavements  in  winter  are  other  examples.  The  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  similar.  Stibnite  crystals 
sometimes  show  very  remarkable  curved  and  twisted  forma. 


I 


A  third  kind  of  oarrature  is  of  mechanical  origin.    Sometimes  crystals 
appear  as  U.thflj  bad  been  broken  transversely  into  many  pieces,  a  slight 
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displacement  of  which  has  given  a  curved  form  to  the  prism.  This  is  common 
in  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  459. 

Crystals  not  infrequently  occur  with  a  deep  pyramidal  depression  occupying 
the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  their  rapid  growth. 

3.    VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS. 

241.  The  greater  part  of  the  distortions  described  in  Arts.  235,  236 
occasion  no  change  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furthermore,  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  formed  may  sometimes  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  cliange  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  fur  example,  the  change  wliich  may  take  place  during  the  more  or 
less  complete  metamorphiam  of  the  enclosins;  rock. 

The  change  of  composition  resulting  in  pseudoniorphous  crystals  (see 
Art.  252)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  the 
subsequent  changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  wUere  a  greater  or  less  variation  in  angle  is  observed  in  the 
crystals  of  the  same  species  from  different  localities,  the  cause  for  this  can 
usually  be  found  in  a  difference  of  chemical  composition.  In  the  case  of 
isomorphous  compounds  it  is  well  known  that  an  exchange  of  corresponding 
chemically  equivalent  elements  may  take  place  without  a  change  of  form, 
though  usually  accompanied  with  a  slight  variation  in  the  fundamental 
angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  416. 

4.     INTERNAL   IMPERFECTIONS  AND   INCLUSIONS. 

242.  The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystal* 
lization;  by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization;  or,  again,  by  the  presence  of  foreign  matter  resulting  from 
partial  chemical  alteration.  The  general  name,  inclusiony  is  given  to  any 
foreign  body  enclosed  within  the  crystal,  whatever  its  origin.  These  inclusions 
are  extremely  common;  they  may  be  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscope. 

Rapid  crystallization  is  a  common  explanation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble);  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  caicite,  crystalliza- 
tion from  a  liquid  largely  charged  with  a  foreign  material,  as  quartz  sand,  may 
result  in  the  formation  of  crystals  in  which  the  impurity  makes  up  as  much 
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460. 


Beryllonile. 


as  two-thirds  of  the  whole  mass;  this  is  seen  in  the  famous  Fontainebleau 
limestone,  and  similarly  in  that  from  other  localities. 

243.  Liquid  and  Gas  Inclusions. — AttentioTi  was  early  called  by  Brewster 
to  the  presence  of  fluids  in  envities  in  certain  minerals,  im  quartz,  topaz,  beryl, 
chrysolite,  etc.  In  later  years  this  subject  has  been  thoroughly  studied  by 
Sorby,  Zirkel.  Vogelsang,  Fischer,  Rosen busch, 
and  others.  The  nature  of  the  liquid  can  often 
be  determined,  as  by  its  refractive  power,  or  by 
special  j)hysicid  test  {e.fj.,  determination  of  the 
critical  point  in  the  case  of  CO,),  or  by  chemical 
examination.  In  the  majority  of  cases  the  observed 
liquid  is  simply  water;  but  it  may  be  the  salt 
solution  in  which  the  crystal  was  formed,  and  not 
infrequently,  especially  in  the  case  of  quartz, 
liquid  carbon  dioxide  (CO,),  as  first  proved  by 
Vogelsang.  These  liquid  inclusions  are  marked 
as  such,  in  many  cases,  by  the  presence  in  the 
cavity  of  a  movable  bubble  of  gas.  Occasionally 
cavities  contain  two  liquids,  as  water  and  liquid 
carbon  dioxide,  the  latter  then  inclosing  a  bubble 
of  the  same  substance  as  gas  (of.  Fig.  460).  Interesting  experiments  can  be 
made  with  sections  showing  such  inclusions  (cf.  literature,  p.  141).  The 
mixture  of  gases  yielded  by  smoky  quartz,  meteoric  iron,  and  other  sub- 
stances, on  the  application  of  heat,  has  been  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty;  if  they  then  have  a  regular 
form  determined  by  the  crystallization  of  the  species,  they  are  often  called 
negative  crystals.  Such  cavities  are  commonly  of  secondary  origin,  as  remarked 
on  a  later  page. 

244.  Solid  Inclusions. — The  solid  inclusions  are  almost  infinite  in  their 
variety.    Sometimes  they  are  large  and  distinct,  and  can  be  referred  to  known 

461.  mineral  species,  as  the  scales  of  gothite  or  hematite,  to 

which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  in  many 
mineral8,ai)pearing,  for  example,  in  thePennsbury  mica; 
quartz  is  also  often  mechanically  mixed,  as  in  staurolite 
and  gmelinite.  On  the  other  hand,  quartz  crystals 
very  commonly  inclose  foreign  material,  such  as  chlorite, 
tourmaline,  rutile,  hematite,  asbestus,  and  many  other 
minerals.     (Cf.  also  Arts.  245,  246.) 

All  iiiiercsiiug  example  of  the  inclosure  of  one  minjsral  by 
anotber  isaffonlcMl  by  tbeaDiiexid  figures  of  tourmaline  cDvelop- 
ing  ortboclase*  Fig.  461  sliows  the  crystal  of  tourmaline  ;  and 
cross  sections  of  it  at  t be  points  indicated  (a.  b.  e)  are  given  by 
Figs.  462,  463.  464.  The  latter  show  \\\i\\  tlie  fehispnr  increases 
in  amount  in  the  lower  part  of  the  crystal,  the  tourmnline  being 
merely  a  thin  shell.  Similar  specimens  from  tiie  b;ime  locality 
(Port  Henry.  Essex  Co.,  N.  Y.^  show  that  there  is  no  necessjiry 
connection 'between  the  position  of  the  tourmaline  and  that  of 
the  feldspar. 

Similar  occurroDces  are  those  of  trapezohcdrons  of  garnet, 
where  the  latter  is  a  mere  shell,  hiclosing  calcite,  or  sometimes  epidote  or  quartz  (Fig.  472). 


•  E.  H.  Williams.  Am.  J.  Sc,  11,  278,  1876. 
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Tlie  inclusions  ma;  consist  of  a  heterogcneons  mass  of  material;  as  the 
granitic  matter  seen  in  orthoclose  crystale  in  a  porphyritic  granite;  or  the 
feldspar,  quartz,  etc,  Bometinies  incloeed  In  large  coarse  crystals  of  beryl  or 
Bpodumene,  occurring  in  granite  veins. 

245.  HicroIit«s,  CryBtallitei. — The  microscopic  crystals  obserred  as  inclu- 
sions muy  sometimes  be  referred  to  known  species,  but  more  generally  their 
true  natnre  is  doubtful.  The  term  microlites,  proposed  by  Vogelsang,  is  often 
used  to  designate  the  minute  inclosed  crystals;  they  are  generally  of  needlc- 
like  form,  sometimes  quite  irregular,  and  often  very  remarkable  in  their 
arningement  and  groupings;  some  of  tliem  (ire  exhibited  in  Fig.  470  and  Fig. 
4T1,  as  explained  below-  Where  the  minute  individuals  belong  to  known 
species  tliey  are  called,  for  example,  feldspar  microlites,  etc 

Crysfallites  is  an  analogous  term  used  by  Vogelsang  to  cover  those  minnte 
forms  which  have  not  the  regnlar  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorphous  matter  and  true  crystals.    Some  of 


the  forms  are  shown  ii  Figs.  465-460;  they  are  often  observed  in  glaasy  toI- 
canic  rocks,  and  also  in  furnace- slags.  A  series  of  names  has  been  giTea  to 
varieties  of  crystallites,  such  as  globulites,  margarites,  etc.  Trichite  and ' 
belonite  are  numes  introduced  by  Zirkel;  the  former  name  is  derived  from 
lifii£,  hair;  trichites,  like  that  in  Fig.  469,  are  common  in  obsidian. 

The  microscopic  inclusions  may  also  be  of  an  irregular  glassy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  from  a  molten  mass,  as 
lava  or  the  slag  of  an  iron  fnmace, 

246.  Symmetrically  Arranged  Inclntioni. — In  general,  while  the  solid 
inclusions  sometimes  occur  quite  irregularly  in  the  crystals,  they  are  more 
generally  arranged  with  some  evident  reference  to  the  symmetry  of  the  form, 
or  external  faces  of  the  crystals.    Examples  of  this  are  shown  in  the  following 
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fi^nires.    Fig.  470  ezhibiU  a  crvetal  of  augite,  incloeing  magnetite,  feldspar 
aod  Qephelite  microlitea,  etc.     Fig.  47L  shows  a  crystal  of  leacite,  a  species 


vhose  crystals  very  commonly  inclose  foreign  matter.    Fig.  i7i  shows  a  section 
<il  a  crystal  of  garnet,  containing  quartz. 


Another  striking  example  is  afforded  by  audalusite  (Fig.  473),  in  which  the 
inclosed  carbouaoeons  impurities  are  of  considerable  extent  and  remarkably 
arranged,  so  as  to  yield  symmetrical  figures  of  Tarious  forms.  Staurolito 
occasionally  shows    analogoas    carbonaceous    impurities  474. 

symmetrically  distributed. 

The  magnetite  common  as  an  inclnsion  in  muscovite, 
alluded  to  above, is  always  symmetrically  disposed,  usually  : 
jwrallel  to  the  directions  of  the  percussion-figure  (Fig.  477, 
p.  149).   The  asterism  of  phlogopite  is  explained  by  the  pros-    ; 
ence  of  symmetrically  arranged  inclusions  (cf.  Art.  348). 

Pie.  474  abows  an  lalereUfuK  case  of  By  111  metrically  airkDced 
iDcludoDsdne  to  chemical  Blteiatloa.  Tlie  original  mini^ral,  spiidii- 
tneae,  from  BnnchTllle,  Cann..  has  beeu  allered  to  n  siiliBlnnce 
apparently  homc^iieoui to tbc  eye.  hulfomii)  under  tlie  microscope  < 
to  hnve  the  ilnicture  ahown  In  Fis.  474.  Chemical  nualyulB  provea  E 
Ibe  base  lo  be  altrile  and  tin  lucloaed  hexagOTial  minenil  to  be  a 
lithium  alllcUe  (LIAI8IO1)  oJled  eucryptiie.    It  has  not  yet  b«eii  ideullfled  except  U  thia 

LlTBSATtlRS. 
Some  of  Ibe  nKNt  Important  worka  on  the  sabject  of  microscopic  IdcIubIods  are  refenvcl 
to  here ;  for  a  fnfler  lltf  of  papen  rererence  may  be  made  lo  the  work  of  Roaenbusch  (1878, 
1S03) ;  alao  IbU  of  Zlikel  aad  othem  mentioned  on  p.  4. 
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CRYSTALLINE  AGGREGATES. 

447.  The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  internally 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  crystalline  grains. 
Under  the  above  liead,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individuals  composing  imperfectly  crystallized  individuals  may  be: 

1.  Colnmns,  or  fibers,  in  which  case  the  structure  is  cohtmnar  or  fibrous. 

2.  T/n'n  Jaminm,  producing  a  lamellar  structure. 

3.  Grain  Ay  constituting  a  grayiular  structure. 

248.  Columnar  and  Fibrous  Structure. — A  mineral  possesses  a  columnar 
structure  when  it  is  made  up  of  slender  columns,  as  some  amphii)ole.  When 
the  individuals  are  flattened  like  a  knife-blade,  as  in  cyanite,  the  structure  is 
said  to  be  bladed. 

The  structure  again  is  called  ^^/'ow^  when  the  mineral  is  made  up  of  fibers, 
as  in  asbestus,  also  the  satin  spar  variety  of  gypsum.  The  fibers  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.     Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure: 

Reticalafed :  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated:  when  they  radiate  fron  a  center  in  all  directions  and  produce 
star-like  forms.     Ex.  stilbite,  wavellite. 

Radiated,  divergent:  when  the  crystals  radiate  from  a  center  without 
producing  stellar  forms.     Ex.  quartz,  stibnite. 

249.  Lamellar  Structure. — The  structure  of  a  mineral  is  lamellar  when  it 
consists  of  plates  or  leaves.  The  laminje  may  be  curved  or  straight,  and  llnus 
give  rise  to  the  curved  lamellar  and  straight  lamellar  structure.  Ex.  wolhis- 
tonite  (tabular  spar),  some  varieties  of  gypsum,  talc,  etc.  If  the  plates  are 
approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
concentric.  When  the  laminae  are  thin  and  separable,  the  structure  is  said  to 
be  foliaceous  ot  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous  ia 
often  used  to  describe  this  kind  of  structure. 
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250.  Orannlar  Structure. — The  particles  in  a  granular  structure  differ  much 
in  size.  When  coarse^  the  mineral  is  described  as  coarse-granular;  when  fine, 
fine-granular ;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  observed  in  granular  crystal- 
line limestone,  sometimes  called  saccharoidal;  of  the  second,  in  some  varieties 
of  hematite ;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  perfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phuuero'VJ'gs^ 
talline  has  been  used  for  varieties  in  which  the  grains  are  distinct,  and  crt/pfo* 
crystalline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  proved  by  the  microscope. 

Granular  minerals^  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable. 

251.  Imitative  Shapes.  —  The  following  are  important  terms  used  iu 
describing  the  imitative  forms  of  massive  minerals. 

Reniform:  kidney-shaped.  The  structure  may  be  radiating  or  concentric. 
Ex.  hematite. 

Bofryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name  is 
derived  from  the  Greek  ftorpv^,  a  bunch  of  grapes.  Ex.  limonite,  chalcedony, 
prehnite. 

Mammillary :  resembling  the  botryoidal,  but  composed  of  larger  prominen- 
ces.    Ex.  malachite. 

Globular:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibers  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  implanted  globules. 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  sub-globular  nodules. 

Coralloidal :  like  coral,  or  consisting  of  interlaced  flexuous  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  cMe^  flos  fevri. 

Dendritic:  branching  tree-like,  as  in  crystallized. gold.  The  term  den^ 
drites  is  used  for  similar  forms  even  when  not  crystalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
**  moss-agates." 

Mossy :  like  moss  in  form  or  appearance. 

Filiform  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

Acicular :  slender  and  rigid,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net-like.     See  Art.  248. 

Drusy :  closely  covered  with  minute  implanted  crystals.     Ex.  quartz. 

Stalactitic:  when  the  mineral  occurs  m  pendent  columns,  cylinders,  or 
elongated  cones.  Stalactites  are  produced  by  the  percolation  of  water,  holding 
mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evapora- 
tion of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually 
forms  a  long  pendent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibers  radiating  from 
the  central  column,  or  there  may  be  a  broad  cross-cleavage.  The  most  familiar 
example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite,  limonite, 
and  some  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
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form  or  imitative  shape,  but  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly-like, 
from  the  Greek  KoWa  (see  p.  6),  for  glue.  The  word  amorphous  is  from  a 
privative,  and  ^6p<pTf,  shape. 


252.  Pseudomorplioas  Crystals. — Every  mineral  species  has^  when  distinctly 
crystallized,  a  definite  and  characteristic  form.  Occasionally,  however,  crystals 
are  found  that  have  the  form,  both  as  to  angles  and  general  habit,  of  a  certain 
species,  and  yet  differ  frpm  it  entirely  in  chemical  composition.  Moreover,  it 
is  often  noted  in  such  cases  that,  though  in  outward  form  complete  crystals, 
in  internal  structure  they  are  granular,  or  waxy,  and  have  no  regular  cleavage. 
Even  if  they  are  crystalline  in  structure  the  optical  characters  do  not  conform 
to  those  required  by  the  symmetry  of  the  faces. 

Such  crystals  are  called  pseuaomorphs,  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof,  that  the  original  mineral  has 
been  changed  into  the  new  compound;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  by  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorph  after  the  original  mineral. 

Common  illustrations  of  pseudomorphous  crystals  are  afforded  by  malachite 
in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the  form  of 
«uartz,  eta  This  subject  is  further  discussed  in  the  chapter  OB  Ghemical 
Mineralogy. 
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253.  The  physical  characters  of  minerals  fall  under  the  following 
lieads: 

I.  Characters  depending  upon  Cohesion  and  Elasticity — viz.,  cleavage, 
iracture,  tenacity,  hardness,  elasticity,  etc. 

II.  Specific  Gravity,  or  the  Density  compared  with  that  of  water. 

III.  Characters  depending  upon  Light — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat— -yiz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depending  upon  Electricity  and  Magnetism. 

VI.  Characters  depending  upon  the  action  of  the  senses — viz.,  taste, 
odor,  feel. 

254.  General  Relation  of  Physical  Characters  to  Molecular  Structure. — It 
has  been  stated  on  pp.  5,  6  that  the  geometrical  form  of  a  crystallized  min- 
-eral  is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structure,  however,  can  onlv  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  the 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
aggregation.  The  first  of  these  points  is  illustrated  by  the  high  specific 
gravity  of  compounds  of  lead;  the  second,  by  the  diatinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  mfith  a  specific 
gravity  of  onlv  2. 

All  the  other  characters  (except  the  relatively  unimportant  ones  of  Class 
yi)  in  general  vary  according  to  the  direction  in  the  crystal ;  in  other  words, 
they  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystallographically  identical  have  like  physical  characters. 

In  regard  to  the  converse  proposition — viz.,  that  in  all  directions  crystal- 
lographicatty  dissimilar  there  may  be  a  variation  in  the  physical  characters,  au 
important  distinction  is  to  be  made.  This  proposition  holds  true  for  all 
•crystals,  so  far  as  the  characters  of  Class  I  are  concerned  ;  that  is,  those 
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depcTiding  upon  the  cohesion  an»i  chisticity,  as  shown  in  the  cleavage^  hard* 
ness,  the  planes  of  molecular  gliding,  the  etching- tigures,  etc.  it  is  also  true 
in  the  ciwe  of  pyro-electricity  and  piezo-electricity. 

It  dots  uu/  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
chaiiije  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 

Thus,  although  it  will  be  shown  that  the  o])tical  characters  of  crystals  are 
in  agreement  in  general  with  the  symmetry  of  their  form,  they  do  not  show 
all  the  variations  in  this  symmetry.  It  is  true,  foi  example,  that  all  directions 
are  optically  similar  in  a  crystal  belonging  to  any  group  under  the  itometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  as  may  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  right 
angles  to  the  vertical  axis  are  optically  similar;  but  this  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


I.  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY. 

255.  Cohesion,  Elastioity.—The  name  cohesion  is  given  to  the  force  of 
attraction  existing  between  the  molecules  of  one  and  tne  same  body,  in  con- 
sequence of  which  they  offer  resistance  to  any  influence  tending  to  separate 
them,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gliding-planes,  percussion-figures  or  pressure- figures,  and  the  etching-figures. 

256.  Cleavage.— Cleavage  is  the  tendency  of  a  crystallized  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  value  of  cohesion  in  the  direction  of  easy 
fracture — that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel  to 
the  cubic  faces  of  a  crystal  of  galena  is  a  familiar  illustration.  An  amorphous 
body  (p.  6)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage- plane  must  be  a  direction  in  which  the  molecules 
are  closely  aggregated  together;  while  normal  to  this  the  distance  between 
successive  layers  of  molecules  must  be  relatively  large,  and  hence  this  last  is 
the  direction  of  easy  separation.  It  further  follows  that  cleavage  can  exist 
only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this  must  be 
one  of  the  common  fundamental  forms.  Hence  in  cases  where  the  choice  in 
the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of  cleavage  is 
properly  regarded  as  showing  which  planes  should  be  made  fundamental. 
Still  again,  cleavage  is  the  same  in  all  directions  in  a  crystal  which  are 
crystallographically  identical. 
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Cleavage  is  defined,  (1)  according  to  its  direction,  as  cubic,  octahedral, 
rhombobedra],  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
be  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
spoken  of  as  distinct,  indistinct  or  imperfect,  interrupted,  in  traces,  diHicult. 
These  terms  are  sufficiently  intelligible  without  further  explanation.  It  may 
be  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  some 
of  its  varieties  than  in  others. 

857.  Cleavagt  in  the  Diffflrent  Syitemi. — (1)  In  the  isoifBTRic  system,  cleavage  is  cubic, 
wheu  parallel  to  the  faces  of  the  cul>e;  this  is  the  comuiou  ctise,  as  lUustrnteii  by  giileua 
nnd  halite.  It  is  also  often  oeidliedral — that  is,  parallel  to  the  octahedral  faces,  as  with 
fluorite  and  the  diaiuoud.  Less  frequently  it  is  dodecahtdral,  or  parallel  to  the  faces  of  the 
rhombic  dodecahedron,  as  with  sphalerite. 

In  the  TETRAGONAL  SYSTEM.  Cleavage  is  often  hatal,  or  parallel  to  the  basal  plane,  as 
with  apophyllite;  tkXso prUmatic,  or  parallel  to  one  (or  both)  of  the  square  prisms,  us  with 
rutile  and  wemerite;  less  frequently  it  is  pyramidal,  or  parallel  to  the  faces  of  the  bquare 
pyramid,  as  with  scheelite. 

In  the  HEXAGONAL  SYSTEM,  cloavage  is  usually  either  Ixual,  as  with  beryl,  or  prismatic, 
parallel  to  one  of  the  six  sided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyromorphite,  is  nire  and  imperfect. 

In  the  RHOMBonBDRAL  DiYisioN,  besides  the  basal  and  prismatic  cleavages,  rhomho- 
hedral  cleavage,  parallel  to  the  faces  of  a  rhombohedrou,  is  also  common,  as  with  calcite 
and  the  allied  species. 

In  the  ORTHORHoMBic  SYSTEM,  clcavage  parallel  to  one  or  more  of  the  pinacoids  is 
common.  Thus  it  is  ba$al  yfiih  topaz,  and  in  all  three  pinacoidal  directions  with  anhydrite. 
Pritmaii^,  cleavage  is  also  common,  as  with  barite;  in  this  case  the  arbiti-ary  position 
assumed  in  describing  the  crystal  may  make  this  cleavage  parallel  to  a  *' horizontal 
prism,"  or  dome. 

In  the  MONOCLTN1C  SYSTEM.  cUtiodiagonal  cleavage,  parallel  to  the  clinopinacoid,  is 
common,  as  with  orthoclase,  gypsum,  heulaiulite  and  euclase ;  also  haml,  as  with  the 
micas  and  orthoclase.  or  parallel  to  the  orthopinacoid;  also  prismatic,  as  with  amphibole. 
Less  frequently  cleavage  is  parallel  to  a  hemi- pyramid,  as  wiih  gypsum. 

In  the  TRiCLiNic  system,  it  is  usual  and  proper  to  so  select  the  fundamental  foi*m  as  to 
make  the  cleJivnge  directions  correspond  with  the  pinacoids. 

258.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
sharp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  usually  conspicuously 
free  from  cleavage,  but  a  quartz  cryslj.l  healed  and  plunged  inlo  cold  water  often  shows 
planes  of  separation*  parallel  to  both  the -f  and  —  rhonibohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  great  distinctness  in 
thin  sections,  made  by  grinding,  while  not  so  readily  noted  in  large  crystals. 

When  the  cleavage  is  pamllel  to  a  closed  form— that  is.  when  it  is  cubic,  oolnhedral, 
dodecahedral,  or  rhoinbohcdral  (also  pyramidal  in  the  tetragonal,  hexagonal,  and  ortho- 
rhombic  systems)— a  solid  resembling  a  crystal  may  often  be  broken  out  ffom  a  single 
crystalline  individual,  and  all  the  fraL^ments  have  the  same  angles.  It  is,  in  genend.  easy 
to  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluorite,  from  a  true 
crystal  by  the  splintery  character  of  the  faces  of  the  former. 

259.  Cleavage  and  Luiter.— The  face  of  a  crystal  parallel  to  which  there  is  perfect 
cleavasre  often  shows  a  pearly  luster  (see  p.  1«9),  due  to  the  parti  d  separation  of  the 
crystal  into  parallel  plates.  This  is  illustrated  by  the  basal  plane  of  apophyllite.  the 
clinopinacoid  of  stilbite  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen, 
as  with  c.ilcite,  when  the  separation  has  been  sufficient  to  produce  the  prismatic  colors  by 
interference. 

260.  Oliding-planes.— Closely  related  to  the  cleavage  directions  in  tlieir 
connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  gUdihg- 


♦Lehmnnn  (Zs.  Kryst..  11,  608,  1886)  and  Judd  (Min.  Mag.,  8,  7,  1888)  regard  these 
as  gliding-planes  (see  Art.  260). 
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planeS;*  or  directions  parallel  to  which  a  slipping  of  the  molecules  may  tak^ 
•  place  under  the  application  of  mechanical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  separation  into  layers  in 

the  given  direction,  or,  on  the  other  hand,  and  more  commonly,  there  may  be 

4175  a  revolution  of  the  molecules  into  a  new  twinning- 

position,    so    that    secondary    itoinnhig-lmnellce    are 
formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  sub- 
jected to  gradual  pressure  in  the  direction  of  a  dodec- 
ahedral  face,  a  plane  of  separation  is  developed  normal 
to  this  and  hence  in  the  direction  of  another  face  of 
the  same  form.  There  are  six  such  directions  of 
molecular  slipping  and  separation  in  a  crystal  of  thia 
substance.  Certain  kinds  of  mica  of  the  biotite  clasa 
often  show  pseudo-crystalline  faces,  which  are  undoubt- 
Blotite.  e(jiy  secondary  in  origin — that  is,  have  been  developed 

by  pressure  exerted  subsequently  to  the  growth  of  the  crystal  (cf.  Fig.  475). 

Id  stibnite,  the  base,  c  (001),  normal  to  the  pluue  of  perfect  cleavage,  is  a  gliding-plane* 
Thus  a  slipping  of  the  molecules  without  their  separation  may  be  made  to  take  place  by 
pressure  in  a  plane  {\c)  normal  to  the  directinn  of  perfect  cleavage  (\h).  A  slender  pris- 
matic crystal  supported  near  tlie  ends  and  pressed  downward  by  a  dull  edge  is  readily  beut^ 
or  knicked,  in  this  direction  without  the  parts  beyond  the  support  being  affected. 

261.  Secondary  Twinning. — The  other  case  mentioned  in  the  preceding 
article,  where  molecular  slipping  is  accompanied  by  a  half-revolution  (180°)  of 
the  molecules  into  anew  twinning-position  (see  p.  118  et  ««^),is  well  illustrated 
by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  formation  of 
a  number  of  thin  lamellae  in  twinning-position  to  the  parent  mass,  tho 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e  (Oll2).  Secondary 
twinning- lam  ell  89  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-lamellae  may  also  be  produced  (and  are  often  noted  in 
nature)  in  the  case  of  the  triclinic  feldspars,  pyroxene,  barite,  etc.  A  secondary 
lamellar  structure  in  quartz  has  been  observed  by  Judd,  in  which  the  lamellae 
consisted  of  right-handed  and  left-handed  portions. 

By  the  proper  means  a  complete  calcite  twin  may  be  artificially  produced  by  pressure^ 
Thus,  if  a  cleavnge-fragment  of  prismatic  forni.  say  6^  mm.  in  length  ^ijg 

and  3-6  mm.  in  bread ih.  be  placed  with  the  obtuse  edge  on  a  firm 
horizontal  support,  and  pressed  by  the  blade  of  an  ordinary  table- 
knife  on  the  other  obtuse  edge  (at  a.  Fig.  476),  the  result  is  that  the 
portion  of  the  cryfttal  lying  between  a  and  h  is  revei*sed  in  position, 
as  if  twinned  parallel  to  the  horizontal  plane  (0112).  If  skillfully 
done,  the  twinning  surface,  gee,  is  perfectly  smooth,  and  the  re- 
entrant angle  corresponds  exactly  with  that  required  by  tlieory. 

262.  Parting. — The  secondary  twinning- planes  described 
are  often  directions  of  an  easy  separation — conveniently  called  parting — which 
may  be  mistaken  for  cleavage.!  The  basal  parting  of  pyroxene  is  a  common 
example  of  such  pseudo-cleavage;  it  was  Ions:  mistaken  for  cleavage.  The 
basal  and  rhombohedral  (lOTl)  and  the  less  distinct  prismatic  (ll30)  parting 

*  From  the  German.  Oleit-fll chert. 

f  The  lamellar  structure  of  a  massive  mineral,  without  twinning,  may  also  be  the  cause 
of  a  fracture  which  can  be  mistaken  for  cleavage. 
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of  Goiundum;  the  octahedral  partiog  of  magnetite  (cf.  Fig.  456,  p.  136),  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  is,  on  the  surface  of  a  twinning- 
lamella — while  the  cleavage  may  take  place  in  any  plane  having  the  given 
direction. 

263.  Percutsion-fignref. — Immediately  connected  with  the  gliding-planes 
are  the  figures — called  percussion-figures  * — produced  upon  a  crystal  section 
by  a  blow  or  pressure  with  a  suitable  point.  In  such  cases,  the  method 
described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallographic  direction  of  the  surface.  477, 
Thus  upon  the  cubic  face  of  a  crystal  of  halite  a  four- 
rayed,  star-shaped  figure  is  produced  with  arms  parallel 
to  the  diagonals — that  is,  parallel  to  the  dodecahedral 
faces.    On  an  octahedral  face  a  three-rayed  star  is  obtained. 

The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  as  remarked  later,  they  form 
a  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystalline  outlines.  The  figure  (Fig.  477)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (^),  the  others  approximately  parallel  to 
the  intersection  edges  of  the  prism  (m)  and  base  (c).f 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  pressure-figure  (Germ.  Druckfldche). 

264.  Solutiob-pUnM. — In  the  cnse  of  many  crystals,  it  is  possible  to  prove  the  existence- 
of  cert  in  directions,  or  structure- planes,  in  which  chemical  action  takes  ])liice  most  readily — 
for  example,  when  a  crystal  is  under  gretit  pressure.  These  directions  of  chemical  weakness 
have  been  called  iolutionplanes.  Thrv  often  manifest  themselves  by  the  prestnce  of  a- 
multitude  of  oriented  cavities  of  crystalline  outline  (so-called  negative  crystals)  in  the  given 
direction. 

These  solution -planes  in  certain  cnFcs.  as  shown  by  Judd,  nre  the  same  as  the  directions- 
of  secondary  lamellar  twinning,  as  is  illustrated  by  calcite.  Coimected  with  this  is  the 
BcJiUUrization  (see  Art.  848)  observed  in  certain  minerals  in  rocks  (as  d tallage,  schiller- 
spar). 

266.  Etching-figures. — Intimately  connected  with  the  general  subjects  here- 
considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  produced  by 
etching  on  crystalline  faces  ;  these  are  often  called  etching-figures,X  This 
method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealing  the  molecular  structure  of  the  cfystal  faces  under 
examination,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  cases,, 
more  generally  the  ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  at 
a  liiy:li  pressure  and  hydrofiuoric  acid ;  the  last  is  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     The  figures  produced  are  in 


*  Fmm  the  German,  Srhlagflguren.  Thr  percussion- fpures  are  best  obtnincd  if  the 
crystal  plnte  under  investigation  l)e  supported  u|X)n  a  hard  cushion  aiul  a  blow  be  struck 
with  n  light  hammer  upon  a  steel  rod  the  slightly  rounded  point  of  which  is  held  firmly 
again^tt  the  surface. 

f  Cf.  Walker.  Ara.  J.  8c,  2.  5,  1896,  and  G.  Frirdel.  Bull.  8oc.  Min.,  19.  18,  1896. 
Walker  found  the  angle  opposite  h  (010)  ix  in  Fig  477)  to  be  53"  to  56"  for  muscovite,  59* 
for  lepidolite,  60"  for  hiotite,  and  61"  to  63"  for  phlogopite. 

X  From  the  German,  AeUflguren. 
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the  majority  of  cases  angular  depreBBioiis,  such  as  low  triangular  or  quadri- 
lateral  pyramids,  whose  outlines  Mmy  run  pHrullel  to  some  of  the  crystalline 
47(t_  479,  edges.    In  some  cases  the  planes  produced 

can  be  referred  to  occurring  crystallo- 
graphic  faces.  They  appear  alike  on  simi- 
lar faces  of  crvstals,  and  hence  serve  to 
distinguish  different  forms,  perhnps  in 
appearance  identical,  as  tlie  two  acts  of 
faces  in  the  ordinary  double  pyramid  of 
quartz;  so,  too,  they  reveal  the  compound 
twinning-Btructure  common  on  some 
crystals,  as  quartz  and  aragoiiite.  Further, 
their  form  in  general  corresponds  to  the 
symmetry  of  the  group  to  which  the  given 
crystal  belongs.  They  tlius  reveal  the 
trapezohedral  symmetry  of  quartz  and  the 
difference  hetween  a  right-handed  and  left-handed  crvHtal  (Figs.  478,479); 
the  distinction  between  calctte  and  dolomite  (Figs.  482,  483);  the  distinctive 
character  of  apatite,  pyromorphite,  etc  ;  the  heminiorphic  synimetrv  of  cala- 
mine and  nephelite  (cf.  Fig.  330,  p.  73),  etc. ;  tliey  also  prove  by  their  form 
the  monoclinic  cry  stall  ization  of  muscovite  and  other  luicas  (Fig.  481). 


le  of  dolomite  by  dilute  bydro- 


Tlie  gliRpe  of  tbe  eicblDf^-figiirea  nay  vnry  whh  the  s: 
flolvfiil  eiiiitloyeii.  ilioiigli  tlieir  syinmeiry  rtinai-js  conati 
tlie  ligiiri^H  ol>tHhif<l  witb  spaiiROlite  liy  lliu  nctinn  of  Milpburii 
liiluleil,  ao'l  Fig.  4b6  by  Iijarochlorie  mill  of  ififferi'm  degiees 

Of  the  same  nature  as  the  etching-figures  artificially  produced,  in  their 


;iii.  Fig.  -IBo  liy  tbe 
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relation  to  the  symmetry  of  the  crystal,  are  the  raaikings  often  observed  on 

the  natural  faces  of  crystals.  ^g«  .»> 

These     ure     soittetimcs    sec* 

oiidary,  caused  by  a  natural 

etching  process,  but  aie  more 

often  !iti  irregularity  in  the 

crystalline    development    of 

the    crystal.      The    inverted 

triangular  depressious  often 

seen  on  the  octuhedral  faces 

of    diamond   crystals   are    an 

example.      Fig.    487     shows 

natural  depressions,  rhombo- 

hedral  in  character,  observed  on  corur.dnm  cryetala  from  ^fontana  (Pratt). 

Fig.  488  showB  a  twin  crystal  of  flnorite  with  natural  etching- figures  (Pireson); 

these  are  minute  pyramidal  depressions  whose  sides  are  parallel  to  the  faces 

of  the  trapezohedron  (311). 

866.  Corrosion  Forma. — If  the  etching  process  spoken  of  in  the  preceding 
article— whether  natural  or  artificial—is  continued,  the  result  may  be  to 
destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
multitude  of  minute  elevations,  more  or  less  distinct;  or,  further,  new  ^ces 
may  be  developed,  the  crystal lographic  position  of  which  can  often  be 
determined,  though  the  symbols  may  be  complex  This  is  illustrated  by 
Fig.  489  of  beryl;  here  a-  is  the  berylloid  (36-34-60'5).  The  mere  loss  of 
water  iu  some  cases  produces  certain  corrosive  forma  (see  Pape,  literature), 

Penfielii  siibjecled  a  sphere  of  qiinrtz  (from  a  simple  ri^lit-lmiided  StirtlriilimH  lo  rbe 
prolonged  uclloii  nf  hydrofluoric  acid.  It  wns  found  Ibnt  it  was  atrackail  raplcM)'  in  tlie 
dlreclJun  of  llie  vertical  axia,  but  biirely  at  nil  At  tbc  -(-  cxtremttiea  of  Ihe  axes.  figo.  490, 
401   sliow    tbe  form    reinaioiug  after  tbe   sphere  nnd   been    etched  for  seven  weeks; 


Pfg.  490  is  A  basal  view;  Fig.  491,  a  front  view;  tbe  circle  shows  Ihe  original  form  of 
the  spbere,  ihe  dotted  bexagon  tbe  nnglilou  of  ibe  axes.  Compare  also  ibe  resutls  ot 
Meyer  on  calcile(«ec  literature,  p.  155). 

287.  Fracture. — Tbe  term  fracture  is  used  to  define  the  form  or  kind  of 
«irface  obtained  by  breaking  in  a  direction  other  than  that  of  cleavage  in 
«r7stallized  minendB,  and  in  any  direction  in  massive  minerals.     When  the 
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cleavage  is  highly  perfect  in  several  directions,  as  the  rhombohedral  cleavage 
of  calcite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

(rt)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more  or 
less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  smaU- 
conchoidal ;  if  only  partially  distinct,  it  is  subcoiichoidal, 

(b)  Even ;  when  the  surface  of  fracture,  though  rough  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)  Uneven  ;  when  the  surface  is  rough  and  entirely  irregular;  this  is  true 
of  most  minerals. 

{d)  Hackly;  when  the  elevations  are  sharp  or  jagged ;  broken  iron. 
Other  terms  also  employed  are  earthy,  splintery ,  etc. 

268.  Hardneis. — The  hardness  of  a  mineral  is  measured  by  the  resistance 
which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  ia 
determined  by  observing  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
by  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mohs.*    It  is  as  follows: 

1.  Talc.  6.  Orthoclase. 

2.  Oypsum.  7.  Quartz. 

3.  Calcite.  8.  Topaz. 

4.  Fluorite.  9.  Sapphire. 

5.  Apatite.  10.  Diamond. 

Crystalline  varieties  with  smooth  surfaces  shobld  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  hardness  is  said  to  be  3;  if  less  easily  than  calcite  and  more  so 
than  fiuorite  its  hardness  is  3  5.  In  the  latter  case  the  mineral  in  question 
would  be  scratched  by  fiuorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals  exactness  is 
quite  unnecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  greasy  feel  to  the  hand; 
those  of  grade  2  are  easily  scratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife  ;  of  grade  4,  scratched  rather  easily  by  the 
knife  ;  grade  5,  scratched  with  some  difficulty ;  grade  6,  barely  scratched  by  a 
knife,  but  distinctly  by  a  file — moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  but  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  in 
Appendix  B  ;  they  include  all  the  gems. 

269.  Sclerometer. — Accurate  determinations  of  the  hardness  of  minerala 
can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instrument 
called  a  sclerometer.    The  mineral  is  placed  on  a  movable  carriage,  with  the 

*  The  interval  between  2  and  3.  and  5  and  6,  in  the  scale  of  Mobs,  being  a  little  greater 
than  between  the  other  numbers,  Breithaupt  proposed  a  8c:ile  of  ttjoelve  minerals ;  but  the 
scale  of  Mobs  is  now  universnllv  accepted. 
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anrface  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with  a 
steel  point  (or  diamond  point),  tixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  faces  of  a  crystal  (e,g,y  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differences 
in  hardness  are  noted  only  with  crystals  which  show  distinct  cleavage;  the 
hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleavao^e.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planes, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

This  subject  hns  been  investigated  by  Exner  (p.  155),  wbo  has  given  the  form  of  the 
eurvei  of  hardneis  for  the  different  faces  or  many  crystals.  These  curves  are  obtained  as 
follows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  W  or  15".  from  0"  to  180*',  is  determined  with  the  sclerometer:  these  directions 
are  laid  off  as  radii  from  a  center,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment — that  is,  to  the  hardness  thus  determined:  the  line  connecting  the 
extremuies  of  these  rndii  is  the  curve  of  hardness  for  the  given  face. 

The  following  table  gives  the  results  obtained*  (see  literature)  in  comparing  the  hara- 
sess  of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum,  No.  2. 
Pfaff  used  the  method  of  boring  with  a  sUmdard  point,  the  hardness  being  determined  by 
the  number  of  rotations ;  Rosiwal  used  a  standard  powder  to  grind  the  surface,  Jaggar 
employed  his  micro-sclerouieter,  the  method  being  essentially  a  modification  of  that  of 
PfafiT.  By  means  of  this  instrument  he  is  able  to  test  the  hardness  of  the  minerals  preseLt 
in  a  thin  section  under  the  microscope.  Measurements  of  absolute  hardness  have  also  boen 
made  by  Auerbach. 

Pfaff,  1884.  Bosiwal,  1898.         Jaggar,  1897. 

9.  Corundum 1000  1000  1000 

8.  Topaz 459  188  162 

7.  Quartz 254  149  40 

6.  Orthoclase 191                       287  25 

5.  Apatite 58-5  6-20  1-23 

4  Fluorite 878  4-70  -75 

8.  Calcite 158  268  -26 

2.  Gypsum 12  08  84  04 

370.  Salation  of  Hardness  to  Chomieal  Composition.— Some  general  facts  of  importance 
can  be  stated  f  in  regard  to  the  connection  between  the  hardness  of  a  mineral  and  its 
chemical  composition. 

1.  Compounds  of  the  heavy  metals,  as  silver,  copper,  mercur}-,  lead,  etc.,  are  softf  their 
hardness  seldom  exceeding  2*5  to  8. 

Among  the  compounds  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iron  (also  of  nickel  and  cobalt)  are  relatively  hard  {e.g.,  for  pyiite  H.  =  6  to  6*5:  for 
hematite  H.  =  6,  etc.);  here  belong  also  columbite,  iron  niobate,  tanialite,  iron  tantalate, 
wolframite.irun  tungstate. 

2.  The  sulphides  are  mostly  relatively  soft  (except  ns  noted  in  1),  also  most  of  the 
carbonates,  sulphates,  and  phosphates. 

8.  Hydrous  salts  are  relatively  soft.   This  is  most  distinctly  shown  among  the  si  icates- 
e.g.,  compare  the  feldspars  and  zt^lites. 

4.  The  conspicuously  hard  minerals  are  found  chiefly  among  the  oxides  and  silicates; 
many  of  them  are  compotmds  containing  aluminium — e.g.,  corundum,  diusporc,  chrysoberyl, 
and  many  alumino- silicates.  Outside  of  these  the  bonite.  boracite,  is  hard  (H.  =  7);  also 
iridosmine. 

On  the  relation  of  hardness  to  specific  gravity,  see  Art.  280. 


•  'llie  numliers  are  here  given  as  tabulated  by  Jaggar. 
f  See  further  in  Appendix  B. 
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271.  Praotical  Saggestions — Several  points  should  l)e  regarded  in  the  trials  of  hardness: 
(Ij  If  ihe  minernl  is  slighlly  altered,  ns  is  of  ten  the  c.se  with  corundum,  garnet,  etc., 
the  surface  may  be  reatiily  scratched  when    this  would  be  impossible  with  the  mineral 
itself;  a  trial  with  an  edge  of  the  latter  will  often  give  a  correct  result  in  such  a  cave. 

(2)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  when  tlie  grains 
have  iKjen  only  torn  apart  or  crushed. 

(3)  A  rehiiively  ^oft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  mistaken  for  a  scratch  if  carelessly  observed. 

(4)  A  crystal,  us  of  quartz,  is  ofi<;n  slightly  scratched  by  the  edge  of  another  of  the  same 
siMK^ies  and  like  hardness. 

(5)  Tiie  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  as 
possible. 

272.  Tenacity.— Minerals  may  be  either  brittle,  sectile,  malleable,  or 
flexible. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it,  as  calcite. 

{H)  Sectile;  when  pieces  maybe  cut  off  with  a  knife  without  falling  to 
powder,  but  still  tlie  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

{c)  Malleable;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

{(l)  Flexible ;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

273.  Elasticity  —The  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volume,  and  also  its 
tendency  to  return  to  its  original  shape  when  the  deforming  force  cesises  to 
act.  If  the  limit  of  elasticity  is  not  passed,  the  change  in  molecular  position 
is  proportional  to  the  force  acting,  and  the  former  shape  or  volume  is  exactly 
resumed;  if  this  limit  is  exceeded,  the  deformation  becomes  permanent,  a  new 
position  of  molecular  equilibrium  having  been  assumed;  this  is  shown  in  the 
phenomena  of  gliding-planes  and  secondary  twinning,  already  discussed. 
The  magnitude  of  the  elasticity  of  a  given  substance  is  measured  by  the 
coefficient  of  elasticity,  or,  better,  the  coefficient  of  restitution.  This  is 
defined  as  tlie  relation,  for  example,  between  the  elongation  of  a  bar  of  unit 
section  to  the  force  acting  to  produce  this  effect;  similarly  of  the  bending  or 
twisting  of  a  bar.  The  subject  was  early  investigated  acoustically  by  Savart; 
in  recent  years,  Voigt  and  others  have  made  accurate  measures  of  the  elasticity 
of  many  substances  and  of  the  crystals  of  the  same  substance  in  different 
directions.  The  elasticity  of  an  amorphous  body  is  the  same  in  all  directions, 
but  it  changes  in  value  with  change  of  crystallographic  direction  in  all 
crvstals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  '^highly  elastic,"  while  phlogopite  is  much  less  so.  In  this  case 
it  is  not  true  in  the  physical  sense  that  muscovite  has  a  high  value  for  the 
coefficient  of  elasticity;  its  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  wide  limits. 
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II.  SPECIFIC  GRAVITY  OR  RELATIVE  DENSITY. 

274.  Definition  of  Specific  Gravity. — The  specific  gravity  of  a  mineral  is  the 
ratio  of  its  density*  to  that  of  water  at  4°  C.  {39'2°  F.).  This  relative  density 
may  be  learned  in  any  case  by  comparing  the  ratio  of  the  weight  of  a  certain 
volume  of  the  given  substance  to  that  of  an  equal  volume  of  water;  hence  the 
specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by  the  weight 
of  an  equal  volume  of  water. 

The  statement  that  the  specific  gravity  of  graphite  is  2,  of  corundum  4,  of 
galena  7*5,  etc.,  means  that  the  densities  of  the  minerals  named  are  2,  4,  and 
7*5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  any 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7 '5  times, 
etc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion  or 
contraction  under  change  of  temperature,  the  comparison  should  be  made  with 
water  at  a  fixed  temperature,  namely  4°  C.  (39*2°  F.),  at  which  it  has  its  maxi- 
mum density.  If  made  at  a  higher  temperature,  a  suitable  correction  should  be 
introduced  by  calculation,  rractically,  however,  since  a  high  degree  of 
accuracy  is  not  often  called  for,  and,  indeed,  in  many  cases  is  impracticable  to 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinary 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  which 
the  observation  is  made  can  safely  be  neglected.  Common  variations  of  tem- 
perature would  seldom  affect  the  value  of  the  specific  gravity  to  the  extent  of 
one  unit  in  the  tlurd  decimal  place. 

For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  fact 
that  the  observed  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  weight 
by  the  weight  of  air  displaced. 

Where  the  nature  oi  the  investigation  calls  for  an  accurate  determination 
of  the  specific  gravity  {e.g.y  to  four  decimal  places),  no  one  of  the  precautions 
in  regard  to  the  purity  of  material,  exactness  of  weight-measurement,  temper- 
ature, etc.,  can  be  neglected. f  The  accurate  values  spoken  of  are  needed  in 
the  consideration  of  such  problems  as  the  specific  volume,  the  relation  of  molec- 
ular volume  to  specific  gi'avity,  and  many  others.  Some  of  these  have  been 
discussed  by  Schroder,  Hunt,  also  (for  salts)  by  Playfair  and  Joule,  etc. 

275.  Determination  of  the  Specific  Gravity  by  the  Balance. — The  direct 
comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an  equal 
volume  of  water  is  not  often  practicable.  By  making  use,  however,  of  a 
familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  in 
consequence  of  the  buoyancy  of  the  latter,  loses  in  weight  an  amount  which  is 
equal  to  the  weight  of  an  equal  volume  of  the  water  (that  is,  the  volume  it  dis- 
places)— the  determination  of  the  specific  gravity  becomes  a  very  simple 
process. 

The  weight  of  the  solid  in  the  air  {w)  is  first  determined  in  the  usual  man- 
ner; then  tlie  weight  in  water  is  found  {lo');  the  difference  between  these 
weights— that  is,  the  loss  by  immersion  {w  —  w') — is  the  weight  of  a  volume  of 

*  The  density  of  a  body  is  strictly  Vie  mass  of  the  unit  volume.  Thus  if  a  cubic  ceDti- 
meter  of  water  (at  its  maximum  density,  4*  C.  or  39 '2'  F.)  is  taken  as  the  unit  of  mass,  the 
density  of  any  body — as  i-old — is  ^iven  by  the  number  of  grams  of  mass  (about  19)  in  a 
cubic  centimeter ;  in  this  case  the  sjime  number,  19,  gives  the  relative  density  or  specific 
gravity.  If.  however,  a  pound  is  Uiken  as  the  unit  of  mass,  and  the  cubic  foot  as  the  unit  of 
volume,  the  muss  of  a  cubic  foot  of  waii-r  is  <>2-5  lbs.,  that  of  gold  about  1188  lbs.,  and  the 
sp)ecitic  gravity  is  the  ratio  of  the  second  to  the  first,  or,  again,  19. 

t  Cf.  Earl  of  Berkeley  in  Miu.  Mag.,  11,  64,  1895. 
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irater  equal  to  that  of  the  solid;  finally,  the  quotient  of  the  first  weight  (w)  by 
that  of  the  equal  volume  of  water  as  determined  (f^;  —  w')  is  the  specific 
gravity  (G). 
Hence, 


0  = 


to 


w  —  w 


492. 


A  common  method  of  obtaining  the  specific  gravity  of  a  firm  fragment  of 
a  mineral  is  as  follows:  First  weigh  the  specimen  accurately  on  a  good 
-chemical  balance.  Then  suspend  it  from  one  pan  of  the 
balance  by  a  horse-hair,  silk  tnread,  or,  better  still,  by  a  fine 
platinum  wire,  in  a  glass  of  water  conveniently  placed 
beneath,  and  take  the  weight  again  with  the  same  care; 
then  use  the  results  as  above  directed.  The  platinum  wire 
may  be  wound  around  the  specimen,  or  where  the  latter  is 
fimall  it  may  be  made  at  one  end  into  a  little  spiral  support. 

276.  The  Jolly  Balance.— Instead  of  using  an  orainary 
balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  m  Fig.  492,  may  be  conveniently 
•employed:  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  small  grains.  The  mineral  is  first  placed  on  the 
^lass  pan  c,  and  the  amount  that  the  spring  is  stretched 
noted  by  the  scale  number  (-lY,),  opposite  to  which  the  index 
at  m  comes  to  rest  (the  eye  sees  the  reflection  in  the  mirror 
And  thus  avoids  error  by  parallax).  If  from  N^  be  sub- 
tracted the  number  n,  expressing  the  amount  to  which  the 
scale  is  stretched  by  the  weight  of  spring  and  pans  alone,  the 
difference  will  be  proportional  to  the  weight  of  the  mineral. 
Next,  the  mineral  is  placed  in  the  lower  pan,  d,  immersed 
in  the  water,  and  again  the  corresponding  scale  number,  ^„ 
read.  The  difference  between  these  readings  (.V,  —  iV,)  is 
a  number  proportional  to  the  loss  of  weight  in  water.  The 
4specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  i» 
taken  the  specific  gravity  can  be  obtained  accurate  to  two  decimal  places. 

277.  Pycnometer. — If  the  mineral  is  in  the  form  of  grains  or  small  frag- 
ments, the  specific  gravity  may  be  obtained  by  use  of  the  pycjiometer.  This  is 
a  small  bottle  (Fig.  493)  having  a  stopper  which  fits  tightly  and  ends  in  a 
tube  with  a  very  fine  opening.  The  bottle  is  filled  with  distilled  water,  tha 
8topj)er  inserted,  and  the  overflowing  water  carefully  removed  with  a  soft  cloth. 
It  is  now  weighed,  and  also  the  mineral  whose  density  is  to  be  determined. 
The  stopper  is  then  removed  and  the  mineral  in  powder  or  in  small  fntg- 
ments  inserted  with  care,  so  as  not  to  introduce  air-bubbles.*  The  water  which 
overflows  on  replacing  tlie  stopper  is  the  amount  of  water  displaced  bv  the 
mineral.  The  weight  of  the  pycnometer  with  the  inclosed  mineral  is  deter- 
mined, and  the  weight  of  the  water  lost  is  obviously  the  difference  between 
this  last  weight  and  that  of  the  bottle  and  mineral  together,  as  first  determined. 

*  It  is  difiicult  to  prevent  the  presence  of  air-bubbles,  and  lieoce  it  is  often  weccssury,  la 
order  to  insure  uccuracy,  to  place  the  bottle  under  an  air-pump  and  exhaust  the  air. 
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The  specific  gravity  of  the  mineral  is  equal  to  its  weight  alone  divided  by  th» 
weight  of  the  equul  volume  of  water  tliiis  determined.  Where  this  method 
ie  followed  with  siitticient  care,  especially  avoiding  any  change  of  temperature 
in  the  water,  the  results  may  be  highly  accurate. 

If  the  mineral  forma  a  poi-ous  mass,  it  may  be  first  reduced  to  powder,  but 

■    493.  it  is  to  be  noted  that  it  has  l>eGn  shown  by  KoEe  that  chem- 

■I  ical  precipitates  have  uniformly  ii  higher  density  than  belongs 

l|  to  the  same  substance  in  a  less  finely  divided  slate.     This 

I  increase  of  density  also  characlerizes,  though  to  ii  less  extent, 

JV  a  mineral  in  a  line  state  of  mechanical  subdivision,    li  is  ex- 

^M  plained  by  the  condemnation  of  the  water  on  the  surface  of 

J^K  the  powder. 

^mj^^^  ^78.  Use  of  Liqaidi  of  High  Demity.— It  is  often  found 

^Hnfl^^Bb     convenient  both  in  the  determination  of  the  specific  gravity 

^Hj^^^^Hj     and  in  the  mechanical  se})aration  of  fragments  of  different 

^■^^^^HR     specific  gravities  {e.i/.,  to  obtiiin  pure  material  for  analysis, 

^^^^1^^^     or  again  in  the  study  of  rocks)  to  use  a  liquid  of  high  dei'sity 

^^^BH^-      — that  is,  a  so-called   lieovi/  xoluhon.     One  of  these  is  the 

Bolntion  of  mercuric  iodide  in  [Kilassium  iodide,  called  the  Sonsiadt  nolntion 

or  Thonlet  Bolulioii.     Wiien  made  with  cai-e*  it  hiis  a  niaxinium  density  of 

nearly  :i"2,  which  by  dilution  may  be  lowered  at  will. 

A  second  solution,  often  employed,  is  the  A'^ciw  sohtiinii,  the  borotungeiate 
of  cadmium,  having  a  maximnm  density  of  o  G.  'I  his  again  may  be  lowered 
at  will  by  dilution,  observing  certain  necessary  precautions,  ^till  a  third 
solution  of  much  practical  value  is  that  proposed  by  Brauns,  methylene,  iodide, 
which  has  a  specific  gravity  of  3'32-l.  A  number  of  other  solutions,  more  or 
less  practical,  have  also  becTi  suggested  (sec  pajiers  referred  to  in  the  literature 
on  p.  IPl),  which  also  give  the  necpssary  directmns  for  the  use  of  the  liquids). 
When  one  of  these  liquids  is  to  be  need  for  the  determination  of  the  specific 
gravity  oF  fragments  of  u  certain  mineral  it  must  b«  diluted  until  the  frag. 
ments'jHst  float  and  the  specific  gravity  then  obtained,  moat  conveniently  by 
the  Westphal  balance  (Art.  279). 

When,  on  the  other  hand,  the  liquid  is  to  be  uaed  for  the  separation  of  the 
fragments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  dust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  con- 
stituent after  another  sinks  and  is  removed.  For  the  convenient  application 
of  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
observed ;  compare  the  papers  noted  in  the  literature  {p.  100),  especially  one  by 
Pen  field. 

ST9,  Wwtplial'i  Bftlui**.— The  Weslplinl  linlnnce  l«  convenieutlv  MneA  to  iU't«rmiDe  llie 
Rpecilic  Rnivity  cif  n  llqiiiil,  and  liem-e  of  s  mineral  when  a  lieavy  siifiilion  U  I'nip'oyfd  (Arl, 
8T8).  ll  consists  rsoeniially  of  a  gradtiMlcd  steelvard  arm.  upon  wbicli  Ilie  weigliin  in  Ihe 
form  of  liilers,  are  plureil.  Tliew  rouAt  be  so  ndjualed  tlint  tlie  sinker  ih  In-Mv  tUFpi'Diled 
In  ilie  glvi;))  liqiiiil  while  tbc  index  m  ilie  end  points  lo  the  zero  of  llie  siiile  iinil  fIihwb  llint 
the  nrm  if  liorixniititl  {r.t.  Ituvrnliusch.  Mikr.  Phys.  Hiii.,  p.  S46j.  The  gnidnniibn  UBua.ly 
allows  o'  thi'  Hpecifli-  gravity  bclni:  remi  off  liirecrly  wiilionl  calriilnltoti. 

280.  BaUtion  of  Oanslt;  to  Hardnan.  Chamiekl  CompotitloD.  eta.  — The  <le'i«llj,  orBncciOc 
gravity,  of  a  koIIiI  depends,  flrnt.  iipnn  the  aiitiire  of  ilie  clieiniciil  substances  wlifch  It  cod- 
tulas.  uud,  second,  upon  Uie  stale  <>f  nmletuhir  Hgi;te|;ii[iuu. 

Thus,  fts  iin  illiiaiintino  of  the  lirst  pi>tni.  ]iji  I'.ml  ciimpoiindt;  Imve  a  hich  ileusily 
(G.  =:  alwnl  6).  since  lend  is  n  iienvy  meliil,  [>r.  cbcmioil))'  expressed,  lias  h  high  atomiR 
weigiit  (M8'4)      Similarly,  barium  snlpliuie,  liarile,  has  a  !i>eclllc  gravity  of  4'6,  while  foi 

f  See  the  directions  by  Ooldschmidt,  refereuce  on  p.  160. 
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CJilrium  sulphate  or  anhydrite  the  value  is  only  2*95  (at.  weight  for  barium  187,  for  calcium 
about  40). 

O:  the  other  hand, 'while  aluminium  is  a  metal  of  low  density  (G.  =  2*5  and  atomic 
\viii.ij  =  27),  its  oxide,  corundum,  has  a  remarkably  high  density  (G.  =  4)  and  is  also  very 
li;ii(i  in.  z=  9).  Again,  carbon  (at.  weight  =  12)  has  a  high  density  in  the  diamond  (G.=3'5) 
jnul  low  lu  i^raphite  (G.  =  2):  also,  the  liist  is  hard  (H.  =  10).  the  second  soli  (H.  =  lo).  In 
tiiei^L'  and  bimilar  cases  the  high  density  signities  gient  molecular  aggregation,  and  hence  it 
is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance  to  the  attack  of 
acids. 

As  l>earing  upon  this  point,  it  is  to  be  noted  that  the  density  of  many  substances  ia 
altered  by  fusion.  Again,  the  same  mineral  in  different  states  of  molecular  aggiegation 
may  dillcr  (but  only  slightly)  in  density.  Furthermore,  minerals  having  tlic  same  chemical 
composition  have  someiimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  tliey  appear.  Thus  in  the  case  of  calcium  carbonate  (CaCOs).  calcite  has 
G.  =  2-7,  anigonite  Ims  G.  =  2*9. 

281.  Average  Speeiflc  OraTities.— It  is  to  be  noted  that  among  minerals  of  unmetalijc 
LUSTER  the  ateraye  sjtecitic  gravity  ranges  from  2*6  to  3.  Here  bel«)nji:  quartz  (2*66), 
calcite  (2-7),  the  feldspars  (2«-2*75).  muscovite  (2b)  A  specitic  gmvity  of  25  or  less  is 
low,  and  is  characteristic  of  soft  minerals,  and  often  those  wi.ich  are  hydrous  («.p.,  gypsum, 
G.  =  2  3).  The  common  species  fluorite,  tourmaline,  apatite,  vesuvianite,  amphibole, 
pyroxene,  and  epidote  lie  just  above  the  limit  given,  n?»mely,  .SO  to  3  5.  A  si>ecitic  gravity 
of  3"5  or  above  is  relatively  high,  and  belongs  to  hard  minerals  (as  corundum,  see  Art.  280), 
or  to  those  containing  a  heavy  metal,  as  compounds  of  strontium,  barium,  also  iron,  tungsten^ 
copper,  silver,  lea(i,  mercury,  e»c. 

With  minerals  of  metallic  lusteu.  the  average  is  about  5  (here  belong  pyrite,  hematite, 
etc.),  while  if  below  4  it  is  relaiively  low  (graohite  2,  stibnite  4*5) ;  if  7  or  above,  relatively 
higli  (as  galena,  7-5). 

Tables  of  minerals  arranged  accordinir  to  their  specific  gnivity  are  given  in  Appendix  B. 

282.  Conitancy  of  Specific  Gravity. — The  specific  gravity  of  a  minenil  species  is  a  character 
of  fundamental  importance,  and  is  highly  constant  for  different  specimens  of  the  same 
species,  if  pure,  fne  from  cavities,  solid  inclusions,  etc.,  and  if  essentially  constant  in  com- 
position. In  the  case  of  many  S|>ecie8,  however,  a  greater  or  less  variation  exists  in  the 
chemical  composition,  and  this  at  once  causes  a  variation  in  specific  gravity.  The  different 
kinds  of  garnet  illusimte  this  point;  also  the  various  minerals  intermediate  between  the 
tantalate  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  7*3  or  above  to 
G.  =  5  :•. 

283.  Practical  Suggestions  —It  should  be  noted  that  the  determination  of  the  specific 
gravity  h:is  little  value  unless  the  fnigment  taken  is  pure  and  is  free  from  impurities,  internal 
and  external,  and  not  porous  Care  must  be  taken  to  exelude  air-bnbbles.  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  in  the  water,  and 
sometimes  boiling  (or  the  use  of  the  air-pump)  is  necessary  to  free  it  from  air.  If  it  absorbs 
water  this  latter  pmcess  must  be  allowed  to  go  on  till  the  substance  is  fully  saturated.  Na 
(accurate  determinations  can  be  made  unless  the  changes  of  temperature  are  rigorously 
excluded  and  the  actual  tempenUure  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This- 
method  is  often  im|>ortant  in  the  study  of  rocks. 

It  is  lo  be  noted  that  the  hand  may  l>e  s(K)n  trained  to  detect  a  difference  of  specific 
gravity,  if  like  volumes  are  taiken.  even  in  a  small  fragment— thus  the  diffei-ence  between 
calcite  o:  albite  and  barite,  even  the  difference  between  a  small  diamond  and  a  quarts 
crystal,  can  be  detected. 
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in.    CHARACTERS  DEPENDING  UPON  LIGHT. 

GENERAL  PRINCIPLES  OF  OPTICS. 

284.  Before  considering  the  optical  characters  of  minerals  in  general,  and 
more  particularly  those  that  belong  to  the  crystals  of  the  different  systems,  it 
is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 
«pon  which  the  phenomena  in  question  depend. 

For  u  fuller  discussion  of  the  ()plics  of  crystals,  special  reference  is  made  to  the  works 
•of  Grolh,  Llebisch,  Mallard,  aud  Kuseubusch  (and  tniuslation  by  Iddiugs)  mentioued  on 
pp.  3  and  4;  also  to  the  various  advanced  text-books  of  Physics.  The  methods  of 
investigatioD.  with  the  results  of  the  examinatiou  of  many  species,  are  given  in  the  admirable 
memoirs  by  Des  Cloizeaux  in  Ann.  Mines,  11.261-842.  1857:  14,  889-420,  1858;  6,  557- 
■595,  1864.  Also  his  Nouvelles  liecherchcs,  etc.,  2'*'2  pp.,  1867.  Early  observations  were 
also  published  by  Grailich  (Vienun,  1850)  and  by  Qrailich  aud  von  Lang  (Ber.  Ak.  Wien, 
27,  8,  1857;  32.  43.  1858;  33,  869,  1858).  References  to  many  important  papers  in  special 
^subjects  are  given  later. 

285.  Nature  of  Light. — The  propagation  of  light  from  a  luminous  body,  as 
the  sun  or  a  candle-flame,  is  believed  to  be  accomplished  by  a  very  rapid  wave- 
motion  *  in  the  medium  called  the  luminiferous  ether,  which,  it  is  assumed, 
pervades  all  space  as  well  as  all  material  bodies. 

286.  The  Ether. —The  assumption  of  the  medium  called  the  ether  is 
necessary,  since  without  this  it  is  impossible  to  explain  the  transmission  of 
light  through  space  where  no  ordinary  medium  (as  the  air)  is  present. 
Furthermore,  as  the  velocity  of  light  even  within  solid  media,  though  less 
than  that  in  a  vacuum  or  in  air,  is  still  enormously  rapid,  it  is  inconceivable 
that  it  should  be  propagated  by  the  molecules  of  the  body;  hence  the  assump- 
tion, otherwise  verified,  that  the  ether  pervades  all  material  bodies.  The 
properties  of  the  ether,f  however,  are  modified  by  the  molecular  structure  of 
the  given  body,  us  is  proved  by  the  fact  that  the  velocity  of  light  varies  with 
the  chemical  nature  of  the  substance,  and  also  in  certain  cases  with  the  direc- 

*  It  is  now  generally  accepted  that  ligh*  is  an  electro-magnetic  phenomenon  and  that 
the  nature  of  the  periodic  motion  in  the  ether  by  which  lifirht  is  propagated  is  the  same  as 
that  involved  in  the  transmission  of  electric  waves  produced,  for  example,  by  a  very  rapid 
oscillatory  electric  discharge  between  two  spark-knobs.  In  fact  these  electric  waves  have 
been  shown  lo  travel  with  the  same  velocity  as  light-waves,  and  to  exhibit  like  phenomena 
of  reflec»ion.  refraction,  polarization,  etc.:  hence  they  are  believed  to  differ  from  light- 
waves only  in  their  much  greater  length.  For  the  purposes  of  the  present  work,  however, 
light-waves  are  treated  of  as  if  a  mechanical  phenomenon,  but  all  assumption  of  variations 
of  the  "elasticity  of  the  ether"  in  crystals  as  an  explanation  of  the  observed  variation  of 
light -velocity  is  avoided. 

f  Reference  is  made  to  an  article  by  Clerk  Maxwell  in  the  Encyclopedia  Britannica  for 
.d  discussion  of  the  geneml  properties  of  the  luminiferous  ether. 
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tion  in  the  gfyen  crystallized   medium  as  corresponding  to  its  particular 
molecular  structure. 

287.  Waye-motion  in  CteneraL — A  familiar  example  of  waye-motion  is 
^ven  by  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
go  out  from  a  center  of  disturbance,  as  the  point  where  a  pebble  has  been 
cropped  in.  These  surface-waves  are  propagated  hj  a  motion  of  the  water- 
particles  which  is  transverse  to  the  direction  in  which  the  waves  themselves 
travel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
on.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  ridge  of  water  of  constantly  increasing 
diameter,  out  of  diminishing  height.  The  ridge  is  followed  by  a  valley, 
indeed  both  together  properly  constitute  a  wave  in  the  physical  sense.  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhausted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
and  back — tnat  is,  in  the  direction  of  propagation  of  the  sound — and  the  effect 
of  the  transfer  of  this  impulse  from  one  laver  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  oi  air,  which  together  constitute 
ji  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continuallv  increases).  Sound- 
waves, as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

288.  It  is  important  to  understand  that  in  both  the  cases  mentioned,  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be  considered 
as  a  center  of  disturbance  from  which  a  system  of  new  waves  tend  to  go  out. 
These  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light-waves  (Art.  292  and 
Figs.  495,  496). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  the  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  {i.e.,  one  narrow  in  comparison  with  the  length 
of  tne  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  aoout  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  308). 

299.  Still  another  case  of  wave-motion  may  be  mentioned,  since  it  is  particularly  helpful 
in  givinfi^  n  correct  apprehension  of  li^ht-phenomena.  If  a  long  rope,  attached  at  one  end, 
be  grasped  at  the  other,  a  quick  motion  of  the  hand,  up  or  down,  will  give  rise  to  a  half 
wave-form— -in  one  case  a  crest,  in  the  other  a  trough — which  will  travel  quickly  to  the 
other  Imnd  and  be  reflected  back  with  a  reversal  in  its  position;  that  is,  if  it  went  forward 
as  a  hill-like  wave,  it  will  return  as  a  trough.  If.  just  as  the  wave  has  reached  the  end.  a 
second  like  one  be  started,  the  two  will  meet  and  pass  in  the  middle,  but  here  for  a  brief 
interval  the  rope  is  sensibly  at  rest,  since  it  feels  two  equal  and  opposite  impulses.  This 
will  be  seen  later  to  be  a  case  of  the  simple  interference  of  two  like  waves  opposed 
in  phase. 

Agiiin.  a  double  motion  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  and  this  again  is  reflected  back  as  in  the  simpler  case. 
8till  again,  if  a  series  of  like  motions  are  continued  rhythmically  and  so  timed  that  each 
wave  is  an  even  part  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  waves 
jMkssing  in  the  two  directions  will  interfere  and  a  system  of  so-called  stationary  waves  will 

*  Strictly  speaking,  the  path  of  each  particle  approximates  closely  to  a  circle- 
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be  the  result,  tbc  rope  seeming  to  vibrate  iu  segmeDts  to  aud  fro  about  the  position  of 
equililuinm. 

Finally,  if  the  end  of  tlie  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uniform, 
rbythinicul  rate,  a  system  of  stationary  waves  wiil  again  result,  but  now  the  vibrations  of 
the  string  will  be  sensibly  in  circles  about  tlie  central  line.  This  last  ctise  will  be  seen  to 
roughly  indicate  the  kind  of  tmusverse  vibrations  by  which  the  waves  of  circularly 
poiurized  I'glii  are  propag:iied,  while  the  former  case  represents  the  vibrations  of  waves  of 
what  is  called  plane  polarized  light. 

All  these  cases  of  waves  obtained  with  a  rope  deserve  to  be  carefully  considered  and 
studied  by  experiment,  for  the  sake  of  the  assistance  they  give  to  an  understunding  of  ihe 
complex  phenomena  of  lightwaves. 

290.  Wave-length,  Amplitude,  etc. — In  the  cases  mentioned,  as  in  nil  kinds 
of  simple  wave- motion,  the  length  of  a  wave  is  the  distance  from  any  one 
particle  of  the  medium  to  the  next  which  is  moving  in  the  same  direction 
with  the  same  velocity,  or,  technically  expressed,  which  is  in  the  same  ph(ise. 
The  amplitude  of  tlie  wave  is  the  excursion  to  or  fro  from  its  |>osition  of 
equilibrium  made  by  each  particle  in  succession.  Further,  the  wave-system 
travels  onward  the  distance  of  one  wave-length  in  tlie  time  that  a  given 
particle  makes  a  complete  excursion  to  and  fro. 

291.  Light- waves.— The  propagation  of  ether-waves  involves  the  same 
fundamental  principles  as  the  familiar  forms  of  wave-motion  just  considered. 
Here  the  motion  of  the  medium  is  transverse  to  the  direction  of  propagation, 
and  this  motion  may  be  regarded  as  communicated  from  one  set  of  particles 
to  the  next  and  so  on,  the  ether-waves  traveling  as  concentric  spherical  waves 
(in  an  isotropic  medium)  outward  in  all  directions  from  tha  luminous  point. 

The  nature  of  the  vibrations  will  be  better  understood  from  Fig.  494. 
If  AB  represents  the  direction  of  propagation  of  the  light,  each  particle  of 
ether  must  vibrate  at  right  angles  to  this  as  a  line  of  equilibrium.  The 
vibration  of  the  first  particle  induces  a  similar  movement  in  the  adjacent 
particle;  this  is  communicated  to  the  next,  and  so  on.  The  particles  vibrate 
successively  from  the  line  ^^  to  a  distance  corresponding  to  bb\  the  ampHtud& 
of  the  vibration,  then  return  to  b  and  pass  on  to  0",  and  so  on.  Thus  at  a 
given  instant  there  are  particles  occupying  all  positions,  from  that  of  the 

494. 


extreme  distance  J',  or  c\  from  the  line  of  equilibrium  to  that  on  this  line. 
In  this  way  the  wave  moves  forward,  while  the  motion  of  the  particles  is  only 
transverse.  The  distance  between  any  particle  and  the  next  which  is  in  a  like 
position — i,e.y  of  like  phase,  as  6' and  c' — is  the  wave-lenQth  ;  and  the  time 
required  for  this  completed  movement  is  the  time  of  vibration,  or  vibration- 
period.  The  intensity  of  the  light  varies  with  tlie  amplitude  of  the  vibration, 
and  the  color,  as  explained  in  a  later  article,  depends  upon  the  length  of  the 
waves;  the  length  of  the  violet  waves  is  about  one-half  ihe  length  of  the  red 
waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
place  in  all  planes  about  the  line  of  propagation.  In  the  above  figure, 
vibrations  in  one  plane  only  are  represented ;  light  which  is  thus  one-sided  or 
has  only  one  direction  of  transverse  vibration  is  said  to  be  plane-polarized. 

Light-waves  have  a  very  minute  lenofth,  only  0*000023  of  an  inch  for  the 
yellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  miles 
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per  second  in  a  yacuum;  thus  light  passes  from  the  sun  to  the  earth  in  about 
eight  minutes.  The  vibration-period,  or  time  of  one  oscillation,  is  consequently 
extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light  in  one 
second  by  the  number  of  waves  included. 

292.  Wave-front. — In  an  isotropic  medium,  as  air,  water,  or  glass — that 
is,  one  in  which  light  is  propagated  in  all  directions  about  the  luminous  point 
with  the  same  velocity — the  waves  are  spherical  in  form.  The  wave-front  is 
the  continuous  surface,  in  this  case 
spherical,  which  includes  all  particles 
wliich  commence  their  vibration  at  the 
8jinie  moment  of  time.  Obviously  the 
curvature  of  the  wave-front  diminishes 
as  the  distance  of  the  source  of  light 
increases,  and  when  the  lij^ht  comes 
from  an  indefinitely  great  distance  (as 
the  sun)  the  wave-front  becomes  sen- 
sibly a  plane  surface.  .Such  waves  are 
usually  called  plane  waves.  These 
oases  are  illustrated  by  Figs.  495  and 
49(1.  In  Fig.  495  the  luminous  point 
is  supposed  to  be  at  0,  and  the  medium 
being  isotropic,  it  is  obvious  that  the 
wave-front,  as  ABC .. .  0,  is  spherical. 
It  is  also  made  clear  by  this  figure  how, 
as  briefly  stated  in  Art.  288,  the  result- 
ant  of  all  the  individual  impulses  which 
go  out  from  the  successive  points,  as 
a,  b,  c,  etc.,  as  centers,  form  a  new 
wave-front,  ahc.,,g,  concentric  with 
ABC. . .  G.  In  Fig.  496  the  luminous 
body  is  supposed  to  be  at  a  great  dis- 
tance, so  that  the  wave-front  AB . ..  F 
is  a  plane  surface.  Hero  also  the  individual  impulses  from  A,  By  etc.,  unite 
to  form  the  wave-front  ab.  . .  /"parallel  to  AB ..,  F, 

293.  Light-ray. — The    study  of    light-phenomena  is?,  in    certain    crises, 
facilitated  by  the  conception  of  a  Ughl-ray,  a  line  drawn  from  tlie  luminous 

point  to  the  wave-front,  and  whose 
direction  is  taken  so  as  to  represent  that 
of  the  wave  itself.  In  Fig.  495  OA,  OBy 
etc.,  are  diverging  lij^ht-ravs,  and  in 
Fig.  496  OA,  OB,  e^tc,  aVe  parallel 
light-rays.  In  both  these  cases,  where 
the  medium  is  assumed  to  be  isotropic, 
the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that 
the  light-wave  moves  onward  in  a  direc- 
tion normal  to  the  wave-front. 

It    must    be    understood    that    the 
"light-ray''  has  no  real  existence  and  is 
io  be  taken  only  as  a  convenient  method 
^  of  representing  the  direction  of  motion 

of  the  light- waves  under  varying  conditions.  Thus  when  by  appropriate  means 
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{e.g.,  the  use  of  lenses)  the  curvature  of  the  wave-front  is  altered — for  example, 
if  from  being  a  plane  surface  it  is  made  sharply  convex — then  the  light-rays, 
at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the  convex  wave- 
front  is  made  plane,  the  diverging  light-rays  are  then  said  to  be  made 
parallel. 

294.  Wave-length.  Color.  White  Light. — Notwithstanding  the  very  small 
length  of  the  waves  of  light,  they  can  be  measured  with  great  precision.  The 
visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body,  as  the 
glowing  carbons  of  an  electric  arc-light,  may  be  shown  to  consist  of  waves  of 
widely  varying  lengths.  They  include  red  waves  whose  length  is  about  ^^J^^j 
of  an  inch  and  waves  whose  length  constantly  diminishes  without  break,, 
through  the  orange,  yellow,  green,  and  blue  to  the  violet,  whose  minimum 
length  is  about  half  of  that  of  the  red.  The  length  of  each  group  of  these 
waves  determines  the  sensation  of  color  which  the  eye  perceives.  This  color  is 
strictly  monochromatic  only  when  it  corresponds  to  one  definite  wave-length ; 
this  is  nearly  true  of  the  bright-yellow  sodium  line,  though  strictly  speaking 
this  consists  of  two  sets  of  waves  of  slightly  different  lengths. 

The  effect  of  "  white  light "  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  simultaneously;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1500**  C.  appears  "white  hot." 

The  radiation  from  the  sources  named,  either  the  sun,  the  electric  carbons,, 
or  the  glowing  platinum,  includes  also  longer  waves  which  do  not  affect  the 
eye,  but  which,  like  the  light-waves,  produce  the  effect  of  sensible  heat  when, 
received  upon  an  absorbing  surface,  as  one  of  lampblack.  There  are  also, 
particularly  in  the  radiation  from  the  sun,  waves  shorter  than  the  violet  which 
also  do  not  affect  the  eye.  The  former  are  called  infra-red,  the  latter  ultras 
violet  waves. 

295.  Complementary  Colors. — The  sensation  of  white  light  mentioned  above 
IS  also  obtained  when  to  a  given  color — that  is,  light-waves  of  given  wave- 
length— is  combined  a  certain  other  so-called  complementary  color.  Thua 
certain  shades  of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card 
on  which  the  colors  form  segments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  in 
the  spectrum  there  is  another  one  complementary  to  it  in  the  sense  here 
defined.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

296.  Eefleotion. — When  light-waves  come  to  the  boundary  which  separates 
one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air,  they  are,  in 
general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  497  and  498.  In  Fig. 
497,  MM  is  the  reflecting  surface — here  a  plane  surface — and  the  light- waves 
have  a  plane  wave-front  (Abcde)\  in  other  words,  the  light-rays  (OA,  Oh,  etc.^ 
are  parallel.  It  is  obvious  that  the  wave-front  meets  the  surface  first  at  A  ana 
successively  from  point  to  point  to  E,  Each  of  these  points  is  to  be  regarded 
as  the  center  of  a  new  wave-system  which  unimpeded  would  be  propagated 
onward  in  a  given  time  distances  equal  to  the  lines  Aa'  BV,  etc  Hence  the 
common  tangent /i^rAA:^ to  the  circular  arcs  drawn  with  these  radii  from  A,  By 
etc.,  represents  tlie  direction  of  the  new  or  reflected  wave-front.  But 
geometrically  the  angle  eAE  is  equal  to  fEA,  or  the  incident  and  reflected 
wave-fronts  wake  equal  angles  with  the  reflecting  surface.  If  NA  is  a  normal 
at  A,  the  angle  OAN — called  the  angle  of  ijicidence — is  equal  to  NAP^  the 
angle  of  reflection.     Hence  the  familiar  law: 
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Jft«  angU  ofincidenee  is  equal  to  the  angle  of  reflection. 
Furthermore,  the  "incident  and  reflected  rays"  both  lie  in  thasi 
vith  the  normiil  to  the  reflectiug  snrface. 


e  planft 


In  Fig.  498,  where  the  Inminons  point  ia  at  0,  the  wares  going  oat  from  it 
will  meet  the  plane  mirror  MM  first  at  the  point  A  and  BnoceaBive];  at  points^ 


as  B,  C,  D,  etc.,  farther  away  to  the  right  (and  left)  of  A.  Here  also  it  is  eas^ 
to  show  that  all  the  new  impiiIseB,  which  have  their  centers  at  A,  £,  C,  etc., 
must  together  give  rise  to  a  eeries  of  reflected  waves  whose  center  is  at  0',  at  a- 
distance  equally  distant  from  MM  measured  on  a  normal  to  the  surface 
{0A  =  OA'). 

Now  the  lines  OA,  OB,  etc.,  which  are  perpendicular  to  the  wave-front, 
represent  certain  incident  light-rays,  and  tlie  eye  placed  in  the  direction  BE, 
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CFy  etc ,  will  see  the  luminous  point  as  if  at  0\  It  follows  from  the  construc- 
tion of  the  figure  and  can  be  proved  by  experiment  that  if  BNy  CN,  etc^  are 
normals  to  tlffe  mirror  the  angles  of  incidence,  OBNy  OCN'y  etc.,  are  equal  to 
the  angles  of  reflection,  NBE,  N'Bt\  etc.,  respectively,  llence  the  above  law 
applies  to  this  case  also. 

If  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  surface, 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-Iron t  after  reflection,  but  the  same  law  still  holds  true. 

I  lie  proportion  of  tlic  rt-flecied  to  the  iucident  ligbt  iiici-eases  with  the  snioothnei^s  of 
the  siirfacf  jiud  iilso  as  tlie  unglr  of  incideuce  diminishes.  The  intensity  of  the  reflected 
light  is  ji  maxiniuin  for  ii  given  surface  in  the  case  of  perpendicular  iucidencc  (0^4.  Fig.  4U8). 

If  the  Mirfac'u  is  not  perfectly  polished,  diffuse  reflection  will  take  pli;ce,  und  there  will 
be  noilistinct  n-flected  ray.  It  is  the  diffusely  reflected  light  which  makes  the  reflected 
surface  visible  :  if  the  surface  of  a  mirror  were  absolutely  smoot/i  the  eye  would  see  the 
reflected  body  in  it  only,  not  the  surface  itself.  Optically  expressed,  the  surface  is  to  be 
considered  smooth  if  the  distance  between  the  scratches  upon  it  is  considerably  less  (say 
one-fourth)  than  the  wave-length  of  light. 

297.  Eefraotion. — When  a  system  of  light-waves  of  the  same  wave-length 
passes  from  one  medium  into  another  there  is,  in  general,  an  increase  or 

^g^  decrease  in  the  velocity  of  the  light, 

and  this  results  in  the  phenomenon 
of  refractio7i — that  is,  a  change  of 
direction  at  the  bounding  surface. 
The  principles  applicable  here  can 
be  most  easily  shown  in  the  case  of 
light-waves  with  a  plane  wave-front, 
as  shown  in  Fig.  499 — that  is.  where 
the  light-rays  OA,  OB,  etc.,  are 
parallel.  Suppose,  for  example,  that 
a  light- wave,  part  of  whose  wave- 
front  is  Abcde,  passes  from  air 
obliquely  into  glass,  in  which  its 
velocity  is  about  two-thirds  as  great, 
and  suppose  the  surface  of  the  glass 
to  be  plane.  The  points  A,  B,  etc., 
will  be  successively  centers  of  dis- 
turbance which  will  be  propagated  in  a  given  time,  not  to  distances  equal  to 
eE  (from  A  in  the  line  OA),  to  pE,  etc.,  but  only  two-thirds  of  these  distances. 
Circles  drawn  from  the  points  A,B,  (',  etc.,  with  radii  equal  to  these  diminished 
values  (two-tiiirds  of  eE^pE,  etc.),  will  have  a  common  tangent  in  the  plane 
fghk'E,  and  this  will  be  then  the  new  wave- front  in  the  second  medium.  Here 
it  is  seen  that  there  is  a  change  of  direction  in  the  wave-front,  or  otherwise 
stated,  in  the  lisfht-ray,  the  magnitude  of  which  depends  on  the  ratio  between 
the  light- velocities  in  the  two  media,  and,  as  discussed  later,  also  upon  the 
wave-iength  of  the  light.  The  light-ray  is  here  said  to  be  broken  or  refracted^ 
and  for  a  medium  like  glass,  optically  denser  than  air  (i.e.,  with  a  lower  value 
of  the  lijrht-velocity),  the  refraction  is  toward  the  perpendicular.  In  the 
opposite  case — in  an  optically  rarer  medium — the  refraction  is  away  from  the 
perpendicular,  the  angle  of  refraction  is  larger  than  that  of  incidence 
(Art.  303). 

298.  Refractive  Index. — It  is  obvious  from  the  figure  that  whatever  the 
direction  of  the  wave-front — that  is,  of  the  light-rays — relatively  to  the  given 
surface,  the  ratio  of  eE  to  Af^  which  determines  the  direction  of  the  new 
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waye-front  (Le.,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 

V 
is  equal  to  —  where  Fis  the  value  of  the  light- velocity  for  the  first  medium 

(here  air)  and  r  for  the  second  (as  glass).    If  this  constant  ratio  be  represented 
by  n,  we  may  write: 

_  V_eF_  AE   Sin  eAE  _  sin  eAE  __  sin  PAN 
^~  V  ~  Af'AE.  Sin  AEf'"  sin  AEf  sin  FAN' 

Here  i  {OAN)  is  the  angle  of  incidence  and  r  {FAN ytYiQ  angle  of  refraction  ; 

thus,  in  its  last  form, 

sin  % 
n  =  -; — , 
sin  r 

we  have  the  familiar  relation  usually  expressed  as  follows: 

TJie  fiine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  sine  of  the 
angle  of  refraction. 

It  is  hIso  true  that  the  incident  and  refracted  rays  lie  in  a  common  plane 
with  the  normal  to  the  surface. 

The  above  relation  holds  true  for  any  wave-system  of  given  wave  length  in 
passing  from  one  medium  into  another,  whatever  the  wave-front  or  shape  of 
the  bounding  surface.  In  Fig.  500  *  the 
luminous  point  is  at  0,  and  it  can  be 
readily  shown  that  the  new  wave- front 
propagated  in  the  second  medium  (of 
greater  optical  density)  has  a  flattened 
curvature  and  corresponding  to  this  a 

center  at  0' (where  v.V  =  — )•     Here 

\  OA        V I 

the  incident  rays  0//,  06',  are  re- 
fracted at  B  and  C\  the  corresponding 
refracted  rays  being  BE  and  BF,  For 
this  case  also  the  relation  holds  good, 


600. 


n  = 


sm  % 


sin  t 


.*/ 


sin  r      sin  r 


n 


etc. 


This  constant  ratio  for  light  of  a  given 
wave-length  passing  from  one  medium 
to  another,  expressed  here  by  n,  is  called 
the  index  of  refraction  or  refractive  index.     In  the  examples  given  for  air  and 

crown  glass,  -. —  :i.  1*608,  and  this  number  consequently  gives  the  value  of 

SlTl  / 

the  refractive  index,  or  n,  for  this  kind  of  glass. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  306. 

If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 

change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  tlie 

sin  % 
simple  law,  n  =  -; — ,  holds  true  here  also,  so  long  as  the  medium  is  isotropic. 

♦  See  8.  P.  Thompson  (Light  Visible  and  Invisible,  1897\  who  develops  the  formula* 
for  leoses,  etc.,  on  the  basis  of  light- waves  instead  of  light-rays. 
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299.  Eelation  of  Eefractive  Index  to  Light-velooity.— The  discussion  of  the 

J^recediug  article  sliows  that  if  n  is  the  refractive  index  of  a  given  substance 
or  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v  the 
velocity  in  the  given  medium,  then 

V 
n  =  — . 

V 

For  two  media  whose  indices  are  n^  and  n^  respectively,  it  consequently  foUowa 
that 


«. 

— 

• 

«, 

", 

Therefore,  Tlie  indices  of  refra<:tion  of  two  given  media  for  a  certain  wave^ 
length  are  inversely  proportional  to  their  relative  light-velocities. 

Since  light-waves  are  propagated  by  a  transverse  motion  in  the  ether  which 
pervades  the  given  bod^,  and  is  as  it  were  weighted  down  by  its  molecules,  it  ia 
obvious  that  the  velocity  of  the  light- wave  itself  is  measured  by  the  rate  of 
this  transverse  motion  in  the  ether;  hence  for  waves  of  the  same  length  traveling 
through  media  of  different  refractive  power,  this  latter  velocity  of  transverse 
vibration  is  inversely  proportional  to  the  refractive  indices. 

300.  Prinoipal  Eeiraotive  Indices. — The  refractive  index  has,  as  stated,  a 
constant  value  for  every  substance  referred,  as  is  usual,  to  air  (or  it  may  be  to- 
a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art.  298  and  will 
be  further  explained  later  that  those  which  are  isotrojnc,  viz.,  amorphous  sub- 
stances and  crystals  of  the  isometric  system,  can  have  but  a  single  value  of  this 
index.  Crystals  of  the  tetragonal  and  hexagonal  (and  rhomboliedral)  systems 
have,  as  later  explained,  two  principal  refractive  indices,  e  and  (w,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  triclinic  crystals  have  similarly 
three  principal  indices,  or,  /3y  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 

3        ^""^  3         • 

301.  Examples  of  Eefractive  Indices. — The  following  table  includes  the- 
values  of  n  for  a  variety  of  substances,  for  sodium  light.  For  minerals  other 
than  those  of  the  isometric  system  the  average  value  (as  defined  in  the 
preceding  article)  is  given  here. 

Ice 1-310  Boracite 1*667 

Water 1-335  FlintGlass 1-702 

Fluorite 1-434  Garnet  (Pyrope) .  1-814 

Alum 1-456  Zircon 1*952 

Eock-salt 1-544  Cerussite 1-986 

Quartz 1-547  Sphalerite 2-369 

Calcite 1-601  Diamond 2419 

Crown  glass.   ...  1-608  Rutile 2*712 

Aragonite 1  •  633  Pyrargyrite 3  * 016 

Barite 1-640 

The  refractive  index  for  air  referred  to  the  ether  of  a  vacuum  is  1*000293* 
for  a  wave-length  equal  to  that  of  yellow  sodium  light  {\  =  0*0000589  cm.). 
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808.  Bpeciiio  SefxmetiTe  Pownr.— The  relation  between  the  refractive  index  and  the 
chemical  composition  of  a  given  substance  is  expressed  by  what  has  been  called  the  Glad- 
atone  law,*  namely, 


n- 1 


=  constant. 


Here  n  is  refractive  index  (for  anisotropic  substances,  the  mean  Index),  and  d  is  the 
density.  The  value  of  the  constant  is  called  the  ipeeifie  refraetwe  potoer.  The  product  of 
the  specific  refractive  power  into  the  molecular  weight  gives  the  rtfraetive  equivcUint.  Thus 
for  quartz,  n  =  1*5,  d  =  2*66,  therefore  the  value  of  the  specific  refractive  power  is  0  2, 
and  the  refractive  equivalent  is  equal  to  this  number  multiplied  into  the  molecular  weight 
(60)  or  12  6(  =  0-2  X  60).    Similarly  the  value  obtained  f  fur  CaO  is  18*8,  and  for  MgO  171. 

In  the  case  of  a  complex  molecule,  it  is  assumed  that  the  sum  of  the  refractive  equiva- 
lents of  the  parts  of  the  molecule  divided  by  the  sum  of  the  corresponding  molecular  weights 
is  equal  to  the  specific  refractive  power  of  the  given  compound.  Thus  for  grossular  garnet 
whose  formula  may  be  written  8CaO.Al90s.8SiOt,  the  above  relations  give 


«  X  13-3  -f  19-7  +  8  X  12-6 


8x66+108  +  8x60 


=  0-216. 


Further, 


n~l__n-  1 
d     ■"    85 


=  0*216,  and  n  =  1*756 ;  experiment  gives  n  ==  1*747. 


303.  Total  Eeflection.    Critical  Angle. — In  regard  to  the  principle  stated 


sm  t 
in  Art.  298  and  expressed  by  the  equation  »  =  -; —  ,  two  points  are  to  be 

noted.  First,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0;  in 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  500)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
into  the  second  medium  without  deviation,  but  with  a  change  o^  velocity. 

Again,  if  the  angle  i  =  90°,  then 

601. 

B 


sin   I  =  1,  and  the  equation  above 

-: —  or  sin  r  =  -.   As 
sin  r  n 


becomes  n  = 


n  has  a  fixed  value  for  every  sub- 
stance, it  is  obvious  that  there  will 
also  be  a  corresponding  value  of  the 
angle  r  for  the  case  mentioned. 
From  the  above  table  it  is  seen  that 

for  water,  sin  r  =  . and  r  =  48° 


1-335 


31 


' ;  for  crown  glass,  sin  '*  =  fr 


608 


and  r  =  38®  27';  for  diamond,  sin  r 

=  -\-  and  r  =  24°  25'. 
2  •4*^ 


In  Fig.  501  the  ray  CA  in  the  glass  is  refracted  on  passing  into  the  air  in 
the  direction  AD,  but  if  the  angle  BAO  =  38°  27',  the  ray  FA  will  graze  the 
surface  or  take  the  direction  AK  Any  ray,  GA,  for  which  the  angle  GAO  is 
greater  than  38°  27'  will  not  emerge  at  all,  but  suffer  total  reflection,  being 
returned  in  the  direction  -4 (r'.  The  surface  of  glass  illuminated  from  beneath 
in  the  direction  last  named  has  a  brilliant,  almost  metallic  luster.    This  is  the 


♦  See  Mallard.  Tr.  Crist..  2.  476  et  seq.  1884  ;  Rosenbuscb.  Mikr.  Pbys.,  1,  157   1892. 
f  A  table  of  these  values  is  given  by  Mallard  and  reproduced  by  Roseobusch. 
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appearance  also^  under  like  conditions,  of  the  surface  of  a  transparent  solid — 
for  example,  of  a  glass  prism  or  a  cat  gem.  The  value  of  r  thus  found  is  called 
the  critical  angle ;  the  smaller  this  angle  the  greater  the  apparent  brilliancy 
of  the  given  substance. 

The  relative  refractive  power  of  a  given  substance  compared  with  that  of 
the  enclosing  medium  (e.g.y  Canada  balsam  with  w^  =  1*539)  determines  on 
the  principle  of  total  reflection  whether  the  surface  appears  rou^h  with  dark 
cracks  (''high  relief)  as  in  garnet  and  zircon,  or  smooth  ana  even  (''low 
relief')  as  in  quartz. 

304.  Determination  of  the  Eefraotive  Index. — By  means  of  a  prism,  as 
MNP  in  Fig.  502,  it  is  possible  to  determine  the  value  of  7i,  or  refractive 

index  of  a  given  substance.  The  angle  of  the 
prism  MNPy  a,  is,  in  each  case,  measured  in 
the  same  manner  as  the  angle  between  two  facea 
of  a  crystal,  and  then  the  minimum  amount  of 
deviation  (d)  of  a  monochromatic  ray  of  light, 
eg.j  yellow  sodium  light,  passing  from  a  slit 
through  the  prism  is  also  determined.  The 
amount  of  deviation  of  a  ray  in  passing  through 
i«  *p  the  prism  varies  with  its  position;  but  when  the 

prism  i«  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the  prism, 

that  is,  with  the  normals  {i  =  i\  Fig.  502),  when  entering  and  emerging,  this 

deviation  has  dk  fixed  minimtim  value. 

\t  6  =  the  minimum  deviation  of  the  ray,  and  a  =  the  angle  of  the  prism, 

then 

sin  ^{a  -\-  d) 

n  = V^— I -• 

sin  ^a 

The  application  of  this  method  is  given  in  a  later  article.  Several  other 
methods  are  also  explained — for  example,  one  depending  upon  total  reflection. 

305.  Dispersion. — Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  further  true  that 
the  amount  of  refraction  differs  for  the  waves  of  different  length,  that  is, 
tlie  different  colors  of  which  ordinary  white  light  is  composed,  being  greater 
for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be  ])a8sed 
through  a  prism,  as  in  Fig.  502,  it  will  not  only  be  refracted,  but  it  will  also 
suffer  dispersion  or  be  separated  into  its  component  colors,  thus  forming  the 
2}rismafic  spectru m. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  enteriuir  the  new  medium  than  the  violet  waves,  which  are  shorter  and 
whose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  red  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2-40845  red  (lithium  flame). 

2*41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

306.  Spectroscope. — The  instrument  most  simi)ly  used  for  the  analysis  of 
the  light  by  dispersion  is  familiar  to  all  as  the  spectroscope,*     In  it  the  light 

*  A.  de  GnimoDt  has  shown  that  the  direct  spectroscopic  exaniinatioD  of  many  miDeral 
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from  the  given  source,  received  througli  a  narrow  slit  in  the  end  of  one  tube, 
is  made  to  fall  as  a  plane- wave  (that  is,  as  a  "  pencil  of  parallel  rays  ")  upon  one 
surface  of  a  prism  at  the  center,  and  the  spectrum  produced  is  vfewed  through 
a  suitable  telescope  at  the  end  of  a  second  tube. 

If  the  light  from  an  incandescent  solid — which  is  "  white  hot"  (Art.  294) — 
is  viewed  through  the  spectroscope,  the  complete  band  of  colors  of  the 
spectrum  is  seen  from  the  red  through  the  orange,  yellow,  green,  bhie,  to  the 
violet.  If,  however,  the  light  from  an  incandescent  vapor  is  examined,  it  is 
found  to  give  a  spectrum  cousistiug  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it — as  the  yellow  line  (double  line)  of 
sodium  vapor;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
gi'een,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  iron 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

307.  Absorption.  —  Of  the  light  incident  upon  the  surface  of  a  new  medium, 
not  only  is  part  reflected  (Art.  296)  and  part  transmitted  and  refracted 
(Art.  297),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part  also 
during  the  transmission.  Physically  expressed,  absorption  in  this  case  means 
the  transformation  of  the  ether-waves  into  sensible  heat,  that  is,  into  the 
motion  of  the  molecules  of  the  body  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmitted  light,  because  in  the  trans- 
mission of  the  light-waves  through  it,  it  absorbs  all  except  those  which 
together  produce  the  effect  of  red.  For  the  same  reason  a  piece  of  jasper 
appears  red  by  rejected  light,  because  it  absorbs  part  of  the  light-waves  at  the 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
effect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;-  that  is,  a  given  body  absorbs 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave-length  only.  Thus,  if  transparent  pieces  of  glass  of  different  colors  are 
held  in  succession  in  the  path  of  the  white  light  which  is  passing  into  the 
spectroscope,  the  spectrum  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  parts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consequence  of  this,  a  section  of  a  mineral 
containing  them  often  gives  a  characteristic  absorption  spectrum. 

The  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incandescent 
mass  of  the  sun. 

308.  Diffiraotion. — When  monochromatic  light  is  made  to  pass  through  a 
narrow  slit,  or  by  the  sharp  edge  of  an  opaque  body,  it  suffers  diffraction^  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  bands,  growing  fainter  on  the  outer  limits.  Their  presence 
is  explained  (see  Arts.  312,  313)  as  due  to  the  interference,  or  mutual 
reaction,  of  the  adjoining  svstems  of  waves  of  light,  that  is,  the  initial  light- 
waves, and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the 
slit  in  question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  as 
compared  with  the  wave-length  of  the  light.     If  ordinary  light  is  employed. 


species  (gHlena.  pjrrite)  serves  ns  s  method  of  qualitative  analysis  and  gives  interesting 
resulU.     Bull.  Soc.  Min.,  18, 171-373.  1895. 
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the  phenomena  are  the  same,  and  for  the  same  causes,  except  that  the  bands 
are  successive  colored  spectra. 

Diffraction  spectra,  explained  ou  the  principles  alluded  to,  are  obtained  from  diffraction 
gratings.  Thesu  gratings  consist  of  u  series  of  extremely  line  parallel  lines  (say  15.000  or 
20,000  to  uu  inch)  ruled  with  great  regularity  upon  glass,  or  upon  a  polished  surface  of 
speculum  nieUil.  The  glass  grating  is  used  with  transmitted,  and  the  speculum  grating 
with  reflected,  light;  the  liowland  grating  of  the  latter  kind  has  a  concave  surface.     Ench 

grating  gives  ii  number  of  spectra,  of  the  first,  second,  third  order,  etc.     These  8i)ectra 
ave  the  advantage,  as  comi>ared  with  those  given  by  prisms,  that  the  dispersion  of  the 
different  colois  is  strictly  proi)ortional  to  the  wave-leugth. 

309.  Double  Eefraction. — In  the  discussion  of  Art.  297,  applying  to 
isotropic  media,  it  was  shown  that  light-waves  passing  from  one  medium  into 
another,  which  is  also  isotropic,  suffer  simply  a  change  in  wave-front  in  con- 
sequence of  their  change  in  velocity.  In  anisotropic  media,  however,  which 
include  all  crystals  but  those  of  the  isometric  system,  there  are,  in  general, 
two  wave-systems  propagated  with  different  velocities  and  only  in  certain 
limited  cases  is  it  true  that  the  light-ray  is  normal  to  the  wave-front.  This 
subject  cannot  be  adequately  explained  until  the  optical  properties  of  these 
media  are  fully  discussed,  but  it  must  be  alluded  to  here  since  it  serves  to 
explain  the  familiar  fact  that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted  rays,  or,  in  other 
words,  show  donble  refraction. 

The  most  familiar  example  of  this  property  is  furnished  by  the  mineral 
calcite,  also  called  on  account  of  this  property  ** doubly-refracting  g})ar." 
If  ninop  (Fig.  503)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets  it 

at  b,  it  will,  in  passing  through,  be  divided  into  two  rays, 
bcy  b(L  For  this  reason,  a  dark  spot  or  a  line  seen  through 
a  piece  of  calcite  ordinarily  appears  double.  As  implied 
above  and  also  in  Art.  300  the  same  property  is  enjoyed  by 
all  crystallized  minerals,  except  those  of  the  isometric 
system.  The  wide  separation  of  the  two  refracted  rays  by 
calcite,  which  makes  the  phenomenon  so  striking,  is  a  con- 
sequence of  the  larcro  difference  in  the  values  of  its  indices 
of  refraction,  in  other  words,  as  technically  expressed,  it  is 
due  to  the  strength  of  its  double  refraction,  or  its  birefringence. 

310.  Double  refraction  also  takes  place  wdth  the  anisotropic  media  just 
mentioned,  in  the  majority  of  cases,  even  when  the  incident  light  is  perpen- 
dicular to  the  surface.  If  the  medium  belongs  to  the  uniaxial  class  (see  p.  192 
et  seq.),  one  of  the  rays  always  retams  its  initial  direction  normal  to  the  sur- 
face; but  the  other,  except  in  certain  sj^ecial  cases,  is  more  or  less  deviated 
from  it.  With  a  biaxial  sul)stance,  further,  both  rays  are  usually  refracted  and 
thrown  out  of  their  original  direction.  In  the  case  of  both  unaxial  and 
biaxial  media,  however,  it  is  still  true  that  the  wave-normal  remains  unre- 
fracted  wich  perpendicular  incidence. 

311.  Interference  of  Waves  in  General. — The  subject  of  the  interference 
of  liirht-wHves.  alhuled  to  in  Art.  308,  requires  detailed  discussion.  It  is 
one  of  great  importance,  since  it  serves  to  explain  many  common  and  beautiful 
phenoTiienii  in  the  optical  study  of  crystals,  for  example,  the  axial  interference 
figures  shown  on  the  plate  forming  the  frontispiece. 

Referring  again  to  the  water-waves  spoken  of  in  Art.  287,  it  is  easily 
understood  that  when  two  wave-systems,  going  out,  for  example,  from  two 
centers  of  disturbance  near  one  another,  come  together,  if  at  a  given  point 
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they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  give  the  particle 
in  question  double  amplitude  of  motion.  On  the  other  hand,  if  at  any  point 
the  two  wave-systems  come  together  in  opposite  phases,  that  is,  half  a  wave- 
length apart,  the  crest  of  one  corresponding  to  the  trough  of  the  other,  they 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions, 
therefore,  two  sets  of  waves  may  unite  to  form  waves  of  double  amplitude;  on 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other. 
Obviously  an  indefinite  number  of  intermediate  cases  lie  between  these 
extremes.  What  is  true  of  the  waves  mentioned  is  true  also  of  sound-waves 
and  of  wave-motion  in  general.  A  very  simple  case  of  interference  was  spoken 
of  in  connection  with  the  discussion  of  the  waves  carried  by  a  long  rope 
{Art.  289). 

312.  Interference  of  Light-waves. — Interference  phenomena  can  be  most 
satisfactorily  studied  in  the  case  of  light-waves.  The  extreme  cases  are  as 
follows:  If  two  waves  of  like  length  and  intensity,  and  propagated  in  the  same 
•direction,  meet  in  the  same  phase,  they  unite  to  form  a  wave  of  double  intensity 
-(double  amplitude).  If,  however,  the  waves  differ  in  phase  by  half  a  wave- 
length, or  an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other. 
For  other  relations  of  phase  they  are  also  said  to  interfere,  forming  a  new 
resultant  wave,  differing  in  amplitude  from  each  of  the  component  waves. 
In  these  cases  monochromatic  lignt-waves  were  assumed  (that  is,  those  of  like 
length).  If  ordinary  white  light  is  used,  the  waves  in  the  case  of  interference 
will  overlap,  and  their  interference  will  be  indicated  by  the  appearance  of  the 
-colors  of  the  spectrum. 

313.  niustrations  of  Interference. — %  simple  illustration  is  afforded  by  the 
bright  colors  of  very  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  cases.  To  understand  these,  it  is  only  necessary  to  remember 
that  the  incident  light-waves  are  reflected   in  504. 

part  from  the  upper  and  in  part  from  the  lower 
surface  of  tiie  film  or  plate.  Hence  if  the 
thickness  is  ve:*v  small,  these  two  reflected 
wave-systems,  when  tliey  come  together  (repre- 
sented in  Fig.  504  by  the  two  rajrs  AC,  nD) 
-will  differ  from  one  another  in  phase,  and  inter- 
iering  give  rise  (in  ordinary  light)  to  the  colored  [ 
phenomena  spoken  of.  It  is  to  be  noted  that 
the  phenomena  of  interference  by  reflection  are 
somewhat  complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of  lialf  a 
wave-length)  at  the  surface  which  separates  the 

medium  of  greater  optical  density  ifrom  the  rarer  one.  Hence  the  actual 
relation  in  phase  of  the  two  reflected  rays,  as  -4(7,  BD  (supposing  them  of 
the  same  wave-length)  is  that  determined  by  the  retardation  due  to  the 
greater  length  of  path  traversed  by  Bd,  together  with  the  loss  of  a  half  wave- 
length due  to  the  reversal  of  phase  s^wken  of.  As  shown  in  the  figure,  there 
are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  glass  surface 
(Fig.  505),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  gives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  light  and  dark  rin^s,  called  Newton's  rings.  The  dark 
<»enter  is  due  to  the  interference  of  the  incident  and  reflected  waves,  the 
latter  half  a  wave-length  behind  the  former.    The  light  rings  correspond 
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to  the  distances  where   the   two  sets  of  reflected   waves  meet  in  the  same 

506.  phase,  that  is  (noting   the  explanation 

above)    where  the   retardation  of  those 
having  the  longer  path  is  a  half  wave- 

J    length  or  an  odd  multiple  of   this  (^A, 

jA,  |A,  etc.).  Similarly  the  dark  rings 
fall  between  these  and  correspond  to  the  points  where  the  two  waves  meet 
in  opposite  phase,  the  retardation  being  a  wave-length  or  an  even  multiple 
of  this.  The  rings  are  closer  together  with  blue  than  with  red  because  of 
their  smaller  wave-length.  In  each  of  the  cases  described  the  ring  is  properly 
the  intersection  on  the  plane  surface  of  the  cone  of  rays  of  like  retardation. 

In  ordinary  white  light  there  can  be  no  dark  rings  because  of  the  difference 
of  length  of  the  component  waves;  on  the  contrary,  the  overlapping  of  these 
waves  produces  a  series  of  colored  rings,  each  showing  the  successive  colors  of 
the  spectrum.  The  series  of  colors  are  distinguished  as  of  the  first,  second, 
third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  number  of  times 
as  the  waves  overlap.  After  a  certain  number  of  waves  have  overlapped  in 
this  way,  white  light  ("  of  a  higher  grade")  results. 

Similarly  in  the  case  of  the  thin  plate  in  white  light,  a  certain  thick- 
ness and  consequent  retardation  produces  a  superposition  of  the  waves 
which  yields,  for  example,  a  shade  of  red;  a  greater  thickness  (and  retarda- 
tion) a  red  of  the  second  order,  etc.  If  the  plate  is  not  very  thin,  simple 
white  is  reflected  from  it. 

Another  most  satisfactory  illustration  of  Jlie  int«*rference  of  lijrhl-wnves  is  criven  by 
menus  of  the  dlffruction  gratings  spoken  of  in  Art.  808.  but  tlie  subject  cauuot  be  further 
discussed  iu  this  place. 

Other  cases  of  the  composition  of  two  systems  of  light- waves  will  be  con- 
sidered after  some  remarks  on  polarized  light. 

314.  Polarization  and  Polarized  Light.— Ordinary  light  is  propagated  by 
transverse  vibrations  of  the  ether  which  take  place  alike  in  all  phmes  about 
the  line  of  propagation.  A  ray  of  ordinary  light  is,  therefore,  alike  or  sym- 
metrical in  all  directions  about  this  line;  it  may  be  most  simply  thought  of  as 
being  propagated  by  two  equal  sets  of  transverse  vibrations  taken  in  any  two 
planes  at  right  angles  to  each  other. 

Plane-polarized  light,  on  the  other  hand,  as  stated  briefly  in  Art.  291,  is 
propagated  by  ether-vibrations  which  take  place  in  one  plane  onhi.  The 
change  by  whicli  ordinary  light  is  chnnged  into  a  polarized  light  is  called 
polarization,  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibrntion 
is  called  the  plane  of  polarization,* 

Polarization  may  be  accomplished  (1)  by  reflection  and  by  single  refraction^ 
and  (2)  by  double  refraction. 

3i5.  Polarization  by  Reflection  and  Single  Refraction. — In  general,  light 
which  has  suffered  reflection  from  a  surface  like  that  of  polished  glass  is  more 
or  less  completely  polarized;  that  is,  the  reflected  waves  are  propagated  by 
vibrations  to  a  largfe  extent  limited  to  a  sinjjle  plane,  viz  ,  (jis  nssumed)  the 
plane  normal  to  the  plane  of  incidence,  which  last  is  hence  the  plane  of 
polarization.  Furthermore,  in  this  case,  the  light  transmitted  and  refracted 
by  the  reflecting  medium  is  also  in  like  manner  partially  polarized ;  that  is,  the 


*Tlii8  is  in  ftcrordance  with  the  assumption  of  Fr&snel;  witii  MarCuilHcrh  the  vibration- 
plane  and  plane  of  polarizition  coincide.  All  ambiguity  is  avoided  by  s()eakiDg  uoiformly 
of  the  vibration-plane  of  the  light. 
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606. 


vibrations  are  more  or  less  limited  to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and 
hence  coinciding"  with  the  plane 
of  incidence.  For  a  given  angle 
of  incidence,  varying  for  each 
substance,  but  such  that  the  re- 
fected and  refracted  rays  {AB 
and  ^C,  Fig  506)  make  an  angie 
of  90°  with  each  other,  this  po- 
larization is  a  maximum.  For 
this  case  it  is  hence  true,  if  we 
represent  this  angle  of  polariza- 
tion by  i,  that 

tan  I  =  n. 

This  law,  established  by  Brewster,  may  be  stated  as  follows  : 

The  angle  of  polaHzaiion  is  that  angle  wJwse  tangent  is  the  index  of  refraC' 
Hon  of  the  reflecting  substance.  For  crown  glass  this  angle  is  about  58^  (see 
Fig.  506).  If  light  suffers  repeated  reflections  from  a  series  of  thin  glass  plates, 
the  polarization  is  more  complete,  though  its  intensity  is  weakened.  Metallic 
surfaces  polarize  the  light  very  slightly. 

If  the  polarized  light-waves  fall  upon  a  second  similar  reflecting  surface  at 

the  same  angle,  they  will  be  reflected  again  unchanged,  on  the  condition  that 

-^  the  two  planes   of  incidence  (and   hence  the   two 

^  planes  of  polarization)  of  the  two  mirrors  coincide. 

/)f^^^^^^         J^  however,  these  planes  are  at  right  angles  to  each 

/w'^^^^  other,  the  light  polarized  by  the  first  mirror  will  be 

/^p\^^  extinguished  by  the  second.     As  the  polarization  is 

}0\      ^^«  in  no  position  absolutely  complete,  the  light  is  not 

completely  arrested,  but  only  reduced  to  a  mini- 
mum in  the  second  position. 

This  case  is  illustrated  by  Fig.  507.  Here  the 
incident  ray  AB  is  reflected  by  the  first  mirror  mn 
in  the  direction  ^Cand  polarized  in  a  plane  normal 
to  the  plane  of  incidence-  the  angle  ABH  being 
equal  to  the  angle  of  polarization.  If  now  the 
second  mirror  occupy  either  of  the  positions  op  or 
o'p\  the  planes  of  incidence  (and  of  polarization)  of 
both  mirrors  coincide  and  the  light-ray,  BCy  is, 
therefore,  reflected  a  second  time  in  the  direction  of  oZ>,  or  oD'.  If,  however, 
the  second  mirror  be  revolved  about  a  vertical  axis  the  reflected  light  becomes 
gradually  weaker  and  is  sensibly  extinguished  when  the  two  planes  of  inci- 
dence are  at  right  angles  to  each  other. 

316.  Folaruation  by  Double  Refraction. — When  light  in  passing  through  a 
crystalline  medium  is  doubly  refracted  (Art.  309)  or  divided  into  two  sets  of 
waves,  it  is  always  true  that  both  are  completely  polarized  and  in  planes  at 
right  angles  to  each  other.  This  subject  can  only  be  satisfactorily  explained 
after  a  full  discussion  of  the  properties  of  anisotropic  crystalline  media,  but  it 
may  be  alluded  to  here  since  this  principle  gives  the  most  satisfactory  method 
of  obtaining  polarized  light.  For  this  end  it  is  necessary  that  one  of  the  two 
wave-systems  should  be  extinguished,  so  that  that  due  to  a  single  set  of  vibra- 
tions only  is  transmitted.  This  is  accomplished  by  natural  absorption  in  the 
case  of  tourmaline  plates  and  by  artificial  means  in  the  nicol  prisms  of  calcite. 
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317.  Polarized  Light  by  Abiorption. — If  from  a  crystal  of  tourmaline,  which 
ia  suitably  truuspareut,  two  sections  be  obtained,  each  cut  parallel  to  the 
vertioal  axis,  it  will  be  found  that  these,  when  placed  together  with  the  direc- 
tion of  their  axes  coinciding,  allow  tlie  light  to  pass  through.  If,  however, 
■one  seetioii  is  revolved  upon  the  otlier,  less  and  less  of  the  light  is  transmitted, 
until,  when  their  axes  are  at  right  angles  (!IU°)  to  each  other,  the  light  is 
(almost  perfectly)  extinguished.  As  the  revolution  is  contiuued,  more  and  more 
light  is  obtained  tlirongh  the  sections,  and  after  a  revolution  of  181)",  the  axes 
being  a«)iin  parallel,  the  appearance  is  us  at  first.  A  further  revolution  (270°) 
brings  the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  secood 
Xiine  extinguished,  and  so  on  around. 

The  exphiinition  of  this  phenomenon,  so  far  as  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  reflection.  Each 
plate  doubly  refracts  the  light ;  hut  one  of  the 
two  sets  of  waves  is  absorbed,  and  only  that  set 

■J  B  t       whose  vibrations  are  parallel  to  the  vertical  axis 

I        ?_^^^^H_c    '^''^  transmitted.  If  now  the  two  plates  are  placed 
I         ^^^^^^H    in  the  same  position,  abdc,  and  eflig  (Fig.  50S), 


m 


however,  the  one  is  turned  upon  the  otlier,  only 

i 


that  portion  of  the  light  can  pass  through  whici 
vibrates  still  in  the  direction  ac.  This  portion 
is  determined  by  the  resolution  of  the  existing 
vibrations  in  accordance  with  the  principle  of  the  parallelogram  of  forces. 
Consequently,  when  the  sections  stand  at  right  angles  to  each  other  (Fig.  509) 
the  amount  of  transmitted  light  is  nearly  zero,  that  is,  the  light  is  extinguished. 
Instead  of  tourmaline,  an  artificial  salt,  the  sulphate  of  iodoquiniue  (hera- 
pathite)  is  sometimes  employed,  but  it  has  little  pi-acttcal  value. 

318.  Polarized  Light  by  Nicol  Priimi. — The  most  satisfactory  method  of 
obtaining  polarized  light  ia  by  means  of  a  prism  of  transparent  calcite  (Iceland 
spar).  Fig.  510  shows  the  principle  involved  in  the  prism  early  constructed 
by  Nicol,  which  transmits  one  only  610.  611. 

of  the  two  refracted  rays,  tliat  re- 
presented by  the  line  bdt  (the  extra- 
ordinary ray,as  later  defined).  The 
other  ray.  he,  suffers  total  reflection 
at  the  surfiice  where  the  two  sec- 
tions are  united  together  by  Canada 
balsam  and  is  then  absorbed  bv  the 
black  surface  of  the  sides,  ilere 
tlie  vertical  faces  are  natural  cleav- 
age-faces; the  face  /'/'  is  ground 
on  so  as  to  make  an  angle  of  68° 
with  the  obr.use  vertical  angle;  the 
prism  so  formed  is  cut  diagonally 
across  (////),  and  then  the  parts  / 
cemented  together.  This  form  of 
prism,  as  well  as  others  somewliat 
different  in  form  butaccomplishing 
the  same  end  with  the  use  of  less 
material,  is  ordinarily  called  a  Nicol 
priani,  or  briefly  a  nicol.    The  section  of  the  ordinary  nicol  of  Fig,  610  i 
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lozenge-shaped  (Fie.  511);  the  plane  of  polarization,  PP,  passes  through  the 
acute  angles  of  tfie  cross-section,  and  liie  vibration-plane,  here  as  usual 
represented  by  a  double-headed  arrow,  passes  through  the  obtuse  edgds.  The 
other  prisms  alluded  to  may  have  a  rectangular  cross-section.  The  vibration- 
plane  can  be  readily  determined  in  any  case  by  examining  with  it  the  light 
reflected  from  some  suitable  surface  (e.//.,  of  a  wood  table).  Twice  in  a  revolu- 
tion  of  the  prism  through  3G0'' about  its  axis  this* light  will  be  weakened; 
when  this  is  true,  the  vibration-plane  of  the  prism  must  be  perpendicular  to 
that  of  the  partially  polarized  reflected  light,  that  is,  it  must  be  vertical,  since 
the  latter  is  taken  as  horizontal. 

319.  Polariscope.  Polarizer.  Analyzer. — The  combination  of  two  nicols,  or 
other  polarizing  contrivances,  for  the  examination  of  a  substance  in  polarized 
light  is  called,  in  general,  a  polar iacope ;  the  common  forms  are  described  later. 
In  «iny  polariscope  the  prism,  or  other  contrivance,  which  polarizes  the  light 

fiven  from  the  outside  source  is  called  the  pohrrizer;  the  other  is  the  anah/zer. 
f  the  prisms  have  their  vibration-planes  at  right  angles  to  each  other,  they  are 
said  to  be  crossed ;  the  incident  light  polarized  by  the  polarizer  is  then 
extinguished  by  the  analyzer;  briefly,  it  is  said  to  suffer  extinction, 

320.  Interference  of  Plane-polarized  Wayes.  Interference-colors.  —  The 
simplest  case  of  the  interference  (Art.  312)  of  polarized  light  to  consider  is 
that  where  the  two  light-waves,  or,  more  simple  expressed,  two  rays,  are  polar- 
ized in  the  same  plane.  They  may  then  interfere  to  extinguish  each  other, 
•or  they  may  give  rise  to  beautiful  color-effects. 

Suppose,  for  example,  that  in  a  polarization-microscope  (Art.  328)  parallel 
light  passes  upwards  through  the  lower  nicol,  whose  vibration-plane  is  shown 
in  the  cross-section  of  Fig.  512  by  the  arrow  AA ;  512. 

this  light  is  polarized  in  a  single  plane.     Now  let  ^  ' 

this  polarized  light  pass  through  a  thin  cleavage- 
plate  of  selenite;  it  will  in  general  be  separated 
into  two  rays,  each  polarized  in  planes  at  right 
angles  to  the  other,  having  a  definite  position 
peculiar  to  this  substance.  Thus,  in  Fig.  512,  if 
ahcd  represents  the  selenite  plate,  its  vibration-  5^ 


planes  have  the  directions  of  the  dotted  arrows. 
The  two  rays  corresponding  to  them  travel  through 
the  section  with  unequal  velocity,  and  on  emerging 
one  is  slightly  retarded  as  compared  with  the 
other  Now  let  these  light-rays  pass  through  a 
second  nicol,  with  its  vibration-plane  at  right 
angles  to  that  of  the  first  nicol,  that  is,  in  the  direction  of  the  arrow  BB,  Then 
each  of  the  two  sets  of  vibrations  (represented  by  the  dotted  arrows)  will  have 
a  component  in  the  direction  of  Bli,  and  these  will  emerge  now  polarized  in 
the  same  plane,  and  hence  capable  of  interfering,  for  light-rays  can  only  thus 
completely  interfere  when  their  vibrations  are  in  a  common  plane.  Further, 
an  amount  of  light  corresponding  to  the  other  components  (in  the  direction 
AA)  will  be  extinguished.  One  of  these  emergent  rays  is,  as  stated,  slightly 
retarded  as  compared  with  the  other.  The  amount  of  this  retardation 
obviously  varies  with  the  strength  of  the  double  refraction  (in  this  case  y  — a), 
and  also  with  the  thickness  of  the  section  taken.  The  interference-color  of 
the  section,  supposing  ordinary  light  to  be  used,  depends  upon  these  two  con- 
ditions, and  may  be  calculated  for  a  given  substance.  Thus  a  plate  of  selenite 
of  a  thickness  of  0*055  mm.  will  give  a  red  (of  the  first  order),  and  if  thinner. 
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a  yellow  or  gray.  As  the  thickness  increases,  the  colors  (now  of  the  second 
order)  pass  through  successive  shades  of  blue,  green,  yellow,  orange,  and  if  the 
plate  is  of  suflScient  thickness  a  second  red  and  so  on  (see,  further.  Arts.  369 
and  382;.  A  mineral  of  very  strong  double  refraction,  as  calcite,  shows  only 
the  white  of  the  higher  order  unless  extremely  thin. 

If  the  section  had  happened  to  have  the  position  of  a'h'c'd'  (Fig.  512),  its 
vibration-planes  would  have  coincided  with  those  of  the  two  nicols,  and  the 
light,  after  passing  through  the  first  nicol  and  the  section,  would  have  been 
propagated  by  vibrations  in  the  direction  A  A  only,  and  hence  have  been  com- 
pletely extinguished  by  the  second  nicol.  'J'he  plate  would  then  have  appeared 
dark. 

The  successive  interference-colors*  of  \\i^  first  c^rritfr  pass  fr.»in  an  imn-gray  ibrougl? 
bluish  gray  to  white,  yellow,  and  red  :  then  follow  iiidigu,  blue,  green,  yellow,  orange,  au6 
red  of  the  second  oi'der;  then  the  similar  but  paler  series  of  colore  of  the  third  order,  and 
finally  the  very  pule  shades  of  green  and  red  of  the  fourth  order.  Beyond  this  the  coloi*fl 
are  not  very  liistinot ;  white  of  a  higher  order  tinally  results  from  the  interference. 

An  excellent  colored  plate  showing  these  colored  bands  is  given  by  Levy  and  Lacroi^c 
(Les  Mineraux  des  Roches,  1888).  It  is  so  arranged  as  to  give  the  thicknef^s  of  the  section 
of  a  given  mineral  (all  import^int  species  present  in  mcks  being  included)  which  will  yield 
any  one  of  the  different  shades  of  color  mentioned.  The  use  to  which  such  a  plate  may  b« 
put  in  the  practical  determination  of  the  birefringence  of  a  given  mineral  will  be  referred 
to  later. 

321.  Complementary  Colois  in  Polarized  Light. — If  in  the  examination  of  the 
seleuito  plate,  as  just  described  (Art.  320),  one  of  the  nicols  had  been  rotated 
90°,  or,  in  other  words,  if  the  vibration-planes  of  the  two  nicols  had  been  made 
parallel,  then  it  is  obvious  that  interference  would  also  have  taken  place 
between  the  emerging  rays,  but  the  color  resulting  in  each  case  would  have 
been  exactly  the  complementary  tint  to  that  obtained  at  first  when  the  nicols 
were  crossed.  The  section  in  the  position  a'Vc'd'  between  parallel  nicols 
obviously  would  appear  white. 

322.  In  the  preceding  articles  the  two  interfering  light-rays,  after  emerging 
from  the  second  nicol,  were  assumed  to  be  polarized  in  the  same  plane;  for 
them  the  resulting  phenomena  as  indicated  are  comparatively  simple.  If, 
however,  two  plane-polarized  rays  propagated  in  the  same  direction  have  theif 
vibration-directions  at  right  angles  to  each  other,  and  if  thev  differ  one-quartet 
of  a  wave-length  (JA)  in  phase  (assuming  monochromatic  light),  then  it  may 
easily  be  shown  that  the  composition  of  these  two  systems  results  in  a  ray  of 
circularly  polarized  light.  Briefly  expressed,  this  is  a  ray  which  looked  at 
end-on  would  seem  to  be  propagated  by  ether- vibrations  taking  place  in  circles 
about  the  line  of  tnmsmission.  From  the  side,  the  onward  motion  would  be 
like  that  of  a  screw,  and  either  right-handed  or  left-handed 

If,  again,  two  light-rays  meet  as  above  described,  with  a  difference  of  phase 
differing  from  \X  (but  not  equal  to  an  even  multiple  of  ^A),  then  the  resulting 
composition  gives  rise  to  elliptically  polarized  light,  that  is,  a  light-ray 
propagated  by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized  light 
through  a  doubly  refracting  medium  of  the  proper  thickness  {e.g.,  a  mica  plate) 
which  is  placed  with  its  vibration -planes  inclined  45°  to  that  of  the  polarizer. 
If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  ^X  or  an  odd  multiple 
of  this,  the  light  which  emerges  is  circularly  polarized.     If  the  phase  differs 

from  ^X  (but  is  not  equal  to  —  or  A),  the  emergent  light  is  elliptically  polarized. 

(V 

.. __ —  »■  I  ^ 

*  See  further  the  table  given  in  the  following  article :  also  the  explanation  of  th# 
••  ultra-blue  "  on  p.  428. 
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The  following  table  from  Klein  *  gires  the  relation  between  the  rctanlatiou  from  }.l  to 
2A  (A  =  wave-leugth)  for  a  section  of  a  doubly  refractive  siibsttiiice.  the  interference- color 
it  yields,  :ind  the  state  of  the  transmitted  light  as  regards  polnrizatiou.  The  section  is  sup- 
posed to  be  obsenred  in  parallel  sodium  light  with  encased  uicol.s ;  further,  the  vibration- 
direction  corresponding  to  the  greater  refractive  index  iu  the  section  runs  from  left  in  front 
;o  right  behind. 


Ri'tardation 

Interference-color 

for  Na  llghU 

Nteob  (-f ).  white  light. 

Kind  of  JMarixation 

i^ 

Tiavender-graj 

IsT  Order 

Elliptic,  right-handed. 

i^ 

Grayish  blue 

tt 

Circular. 

1^ 

Clearer-gray 

tt 

Elliptic. 

iA 

Pale  straw-yellow 

tt 

Plane  poiarudd. 

|A 

Bright  yellow 

«« 

Elliptic,  left-handed. 

i^ 

Brownish -yellow 

«« 

Circular, 

U 

Orange 

•t 

Elliptic. 

A 

Red 

«« 

Plam-pi4ariMe(i. 

1^ 

Indigo 

2o  Order 

Elliptic,  right-handed. 

f'^ 

Azure-blue 

tt 

Circular. 

V^ 

Green 

tt 

Elliptic. 

1^ 

Bnghter  green 

•• 

Pia  ne-pola  rited. 

J/A. 

Yellow 

4$ 

Elliptic,  left-hunded. 

VA 

Orange 

M 

Circular,          •* 

v^ 

Reddish-orange 

«« 

Ellipiic, 

2A 

Diirk  violet-red 

•« 

PUutepoUirized, 

323.  Crystals  Giving  Circular  Polarization. —In  the  case  of  certain  doubly 
refracting  crystallized  media  (as  quartz),  and  also  of  certain  solutions  (21s  of 
sugar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
yibrations  which  take  place,  not  in  definite  transverse  planes  —as  in  plane- 
polarized  light — but  in  circles  ;  that  is,  each  ray  is  circularly  polarizeil,  one 
being  right-handed,  the  other  left-handed.  Further,  of  these  rays,  one  will 
uniformly  gain  with  reference  to  the  other.  The  result  is,  that  if  a  ray  of  plane- 
polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  caise,  as  of  a 
section  of  quartz  cut  normal  to  the  axis),  it  is  found  that  the  two  rays  circularly 
polariziul  within  unite  on  emerging  to  a  plane-polarized  ray,  but  the  plane  of 
polarization  has  suffered  an  angular  change  or  rotation,  which  may  be  cither 
to  the  right  (to  one  looking  in  the  direction  of  the  rav),  when  tlie*^  substance 
is  said  to  be  right-handed,  or  to  the  left,  when  it  is  called  left-handed. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any  of  the  groups  of  lower  svmmetrv  tlian  the  normal 
group  which  show  a  plagihedral  development  of  the  faces:  t  or,  more  sinijdv, 
those  in  which  the  corresponding  right  and  left  (or  +  and  — )  tvpicnl  forms 
are  enantiomorphous  (pp.  50,  8'?),  as  noted  in  the  chapter  on  crvstallojrrjv])hv. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  the  rhombohedral-trapezohedral  group,  and  a  further  discussion  of  it  is 
postponed  to  a  later  page  (Art.  366). 

♦  Ber.  Ak.  Berlin.  221,  1893. 

t  Of  the  thirty-two  possible  groups  among  crystals,  the  following  eleven  may  be  char* 
actenzed  bv  circular  polarization  :  Group  4,  p.  50  ;  5.  p.  51  ;  11  and  12,  p.  63;'  17,  p.  78, 
22,  p.  82  ;  28  and  24,  p.  84 ;  27,  p.  96;  29,  p.  103  ;  32,  p.  109. 
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OPTICAL  INSTRUMENTS  AND  METHODS, 

324.  Heasorement  of  Refractiye  Indices.  Refraotometer. — For  the  deter- 
mination of  the  refractive  indices  of  crystallized  minerals  various  methods  are 
employed.  The  most  accurate  results,  when  suitable  material  is  at  htind,  may 
be  obtained  by  the  ordinary  refraotometer.  This  requires  the  observation  of 
the  angle  of  minimum  deviation  (6)  of  a  li^ht-ray  on  passing  through  a  prism 
of  the  given  material,  having  a  known  angle  (a),  and  with  its  edge  cut  in  the 
proper  direction.  The  measurements  of  a  and  6  can  be  made  with  an  ordinary 
refraotometer  or  with  the  horizontal  goniometer  described  in  Art.  210.  For 
the  latter  instrument,  the  collimator  is  made  stationary,  being  fastened  to  a  leg 
of  the  tripod  support,  but  the  observing  telescope  with  the  verniers  moves 
freely.  Further,  for  this  obiect  the  graduated  circle  is  clamped,  and  the  screw 
attachments  connected  with  the  axis  carrying  the  support,  and  the  vernier 
circle  and  observing  telescope  are  loosened.  Light  from  a  monochromatic 
source  passes  through  an  appropriate  slit  and  an  image  of  this  is  thrown 
by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance  two 
images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured  for 
each;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  discussed 
later.  In  cases  where  the  highest  degree  of  accuracy  is  desired  sunlight  is 
employed  and  the  angle  of  deviation  measured  for  the  prominent  Fraunhofer 
lines  (p.  171).  When  a  and  d  are  known  the  formula  in  Art.  804  is  used. 

326.  Total  Reflectometer. — The  principle  of  total  reflection  (Art.  803)  may 
also  be  made  use  of  to  determine  the  refractive  index  No  prism  is  required,, 
but  only  a  small  fragment  having  a  single  polished  surface;  this  may  have 
any  direction  with  an  isometric  crystal,  but  in  other  cases  must  have  a  definite 
orientation,  as  described  later.  The  arrangements  required  (as  developed  by 
F.  Kohlrausch)  are,  in  their  simplest  form,  a  wide-mouthed  bottle  filled  with 
a  liquid  of  high  refractive  power,  as  carbon  disulphide  (fiy  =  1*6442  Na> 
or  rr-bromnaphthalin  (piy  =  1*6626  Na).  The  top  is  formed  by  a  fixed 
graduated  circle,  and  a  vertical  rod,  with  a  vernier  attached,  passes  through 
the  plate  and  carries  the  crystal  section  on  its  extremity,  immersed  in  the 
liquid.  The  angle  through  which  the  crystal  surface  lying  in  the  axis  is 
turned  is  thus  measured  by  the  vernier  on  the  stationary  graduated  circle. 
The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and  through  this 
passes  the  horizontal  observing  telescope,  arranged  for  parallel  light.  The 
rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper,  through  which 
the  diffuse  illumination  from  say  a  sodium  flame  has  access;  the  rear  of  the 
bottle  is  suitably  darkened.  When  now  the  observer  looks  through  the 
telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal  section,  he 
will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique  direction,  a 
sharp  line  marking  the  limit  of  the  total  reflection.  The  angle  is  measured  off 
on  the  graduated  circle,  when  this  line  coincides  with  one  of  the  spider  lines 
of  the  telescope.  Now  the  crystal  is  turned  in  the  opposite  direction,  and  the 
angle  again  read  off.  Half  the  observed  angle  (2nr)  is  the  angle  of  total 
reflection;  if  //  is  the  refractive  index  of  the  carbon  disulphide,  then  the 
required  refractive  index,  ?i,  is  equal  to 

//  sin  a. 


CHAXACTXBS  DEPEXDIXG   TPOX  LIGHT.  l$l 

Under  farorable  oonditionB  the  results  are  accurate  to  four  decimal 
places.  This  method  is  limited,  obviously,  to  substances  whode  i>efraotire 
index  is  less  than  that  of  the  liquid  medium  with  which  the  bottle  is  ^lled. 

Different  f<»iDS  of  total  reflectometers  *  have  been  devised  by  Soi>^t^ 
Pulf  rich,  Czapski,  and  otbera. 

326.  The  method  of  obudning  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Chaulnes  (1767>.  has  been  shown  by 
Sorby  f  to  allow,  under  suitable  conditions,  of  determinations  of  considerable 
accuracy.  This  method  consists  essentially  in  observing  the  distance  {d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-par&llel  }^ate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axis  of  the  microeei^iw 
between  the  objective  and  the  focal  pomt,  here 


M  = 


/-<f 


Sorby  made  use  of  s  s^ass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  were  ruled.  A  micrometer-8cre.w  in  the  microscope 
makes  it  possible  to  measure  the  distance  through  which  the  tube  is  raiseil 
and  lowered  down  to  "OOl  mm.;  consequently  toth  /  and  d  can  be  obtained 
with  a  hieh  degree  of  accuracy.^ 

327.  Toonudine  Tonga. — ^A  very  simple  form  of  polariscope  for  converging 
light  is  shown  in  Fig.  513;  it  is  convenient  in  use,  but  of  limited  application. 
Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as  were  desoril)od 
in  Art.  317.  They  are  mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers.  The  object  to  be  examined  is  placed  between  them  and  snp)>orted 
there  by  the  spring  in  the  wire.  In  use  tney  are  held  close  to  the  eve,  and 
in  this  position  the  crystal  section  is  viewed  in  converanig  polarizei)  light-, 
with  the  result  of  showing  (under  proper  conditions)  the  axial  interfereuce* 
figures  (Arts.  360  and  387). 

613. 


328.  Folarisoope.  Conosoope.  Staurosoope. — The  common  forms  of  polari*^ 
scope  §  employing  nicol  prisms  are  shown  in  Figs.  514  and  5ir).||  Fig.  514 
represents  the  instrument  arranged  for  converging  light,  which  is  often  called 
a  conoscope. 

The  essential  parts  are  the  mirror  S,  reflecting  the  light,  which  after 
passinff  through  the  lens  e  is  polarized  by  the  prism  ;;.  It  is  then  roiulered 
strongly  converging  by  the  system  of  lenses  wn,  before  passing  througli  the 

♦See  Groth,  Phys.  Kryst.,  1896,  pp.  654-679;  also  Das  Reflectometer,  etc.,  von  Dr. 
C.  Pulfrich.  Leipzig,  1890. 

fMin.Mag.,  2,  1,  101.1878. 

iCf.  Rosenbusch.  Micr.  Piiys.  Min.,  p.  84,  1892.  who  mentions  particularly  methods 
app1ical)1e  to  minerals  in  thin  sections. 

gSee  further.  Oroth.  Phys.  Kryst.  (also  Pogg.  Ann..  144,  34,  1871). 

t  These  figures,  also  Figs.  516, 517,  544.  are  taken  from  the  catalogue  of  R.  Fuew,  Steg- 
lltz.  Berlin. 
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nction  uoder  examination  placed  on  a  plate  at  k.    This  plate  can  be  rerolYeL' 
through  any  angle  desired,  measnred  on  its  circumferouue.     The  upper  tube 
B14.  fil5. 


contains  the  coiiTerging  system  oo,  the  lens  f,  and  the  analyzing  prism  q. 
The  arrangements  for  lowering  or  raising  the  tubes  iieeil  no  explanation,  nor 
indeed  tlie  speciid  devices  for  setting  the  vibration-planes  of  the  nicols  at 
right  angles  to  each  other. 

'I'lie  a^tcompanying  tube  (Fig.  515)  shows  the  arrangement  for  obserrationa 
in  parallel  light,  the  converging  lenses  having  been  removed.     In  this  form  it 
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I  especially  naed  for  staaroecopic  measorements.  as  later  explained.  In  some 
^rms  of  polahscope  of  the  above  type  the  place  of  the  analyzer  is  taken  by  a 
air  of  black  glass  mirrors  set  at  the  proper  polarizing  angle' 

329.  Polannrian-Microacopc. — The  investigation  of  the  form  and  optical 
roperties  of  minerals  when  in  microscopic  form  has  been  much  facilitated 
y  the  use  of  microscopes*  specially  adapted  for  this  purpose.  First  arransred 
ith  reference  to  the  special  study  of  minerals  as  seen  in  thin  sections  of  nvks, 
liey  have  now  been  so  elaborated  as  largely  to  take  the  place  of  the  older  optical 
isfrumeuts.  They  not  only  allow  of  the  determination  of  the  optical  pro|>- 
rties  of  minerals  with  greater  facility,  but  are  applicable  to  many  cases  whert 
le  crystals  in  hand  are  far  too  smalffor  other  means. 

A  highly  serviceable  microscope,  for  general  use,  is  that  described  by 
^senbusch  in  1876  and  later  much  improved.  A  sectional  view  of  one  form 
I  shown  in  Fig.  516,  and  a  later  and  improved  pattern  is  given  in  Fig.  517. 
'he  essential  arrangements  of  F?g.  516  are  as  fouows:  The  tube  carrying  the 
jrepiece  and  objective  has  a  fine  adjustment-screw  at  g ;  the  coarse  adjust- 
lent  is  accomplished  by  the  hand.  The  screw-head  g  is  graduated  and  turns 
bout  a  fixed  index  attached  to  the  tube/);  by  this  means  the  distance  through 
hich  the  tube  is  raised  or  lowered  can  be  measured  to  OtX>l  mm.  Tne 
olarizing  prism  is  placed  below  the  stage  at  r,  in  a  support  with  a  graduated 
ircle,  so  that  the  position  of  its  vibration -plane  can  be  fixed,  ^rhe  analyzing 
rism  is  contained  in  a  cap,  sSy  which  is  placed  over  the  eyepiece;  this  may  be 
5volved  at  pleasure,  its  edge  being  graduated.  When  both  prisms  are  set  at 
le  zero  mark,  their  vibration-planes  are  crossed  (J.) ;  when  either  is  turned  90*^, 
le  planes  are  parallel  (]).  The  stage  is  made  to  rotate  about  the  vertical 
cis,  but  otherwise  (in  this  simple  form)  is  fixed  ;  its  edge  is  graduated,  so 
lat  the  angle  through  which  it  is  turned  can  be  measured  to  ^^.  Three 
Ijustment-screws,  of  whicVi  one  is  shown  at  n,  n,  make  it  possible  to  bring 
le  axis  of  the  object-glass  in  coincidence  with  axis  of  rotation  of  the  stage 
lee,  further,  the  detailed  drawing  at  the  side). 

The  instrument  here  described  may  be  used  in  the  first  place  as  an  ordinary 
licroscope  with  magnifying  power  adapted  to  the  special  case  in  hand.  In  the 
icond  place,  with  polarizing  prisms  and  the  usual  arrangement  of  lenses,  it 
jrves  for  determining  the  planes  of  light-vibration  (like  the  sfaurosrajfc  of 
rt.  328);  also  for  observing  the  interference-colors  of  doubly  refracting  sec- 
ons  and  so  on.  Finally,  with  eyepiece  removed  and  sjHJcial  coiulonsing  Tenses 
ided  beneath  the  object  on  the  stage  (as  more  fully  described  later),  it  may  be 
sed,  like  the  conoscope,  for  observing  axial  interference- figures,  etc. 

330.  A  later  and  iinproved  form  of  microscope  shown  in  Fig.  517  is 
jsentially  like  that  of  Fig.  516,  but  has  various  refinements  for  accnrale 
ork.  Thus,  a  screw  is  added  for  the  coarse  adjustment;  another  screw  to 
lise  and  depress  the  lower  nicol;  a  mechanical  stage,  etc.  A  more  essential 
nprovement  is  the  insertion  of  the  upper  nicol  in  a  support,  X,  whicli  can 
e  pushed  in  or  out  at  will  between  the  eyepiece  and  objective.  The  upper 
icol  above  the  eyepiece  is,  however,  also  needed  in  certain  cases,  for  example 
ith  the  Bertrand  ocular,  described  later. 

The  microscope  which  has  been  briefly  described  Is,  as  stated,  especially  applicable  to 
16  study  of  the  form,  optical  properties,  and  mutual  relations  of  minerals  us  they  are 
>UDd  in  thin  sections  of  rocks;  it  has  therefore  become  an  important  adjunct  to  geological 
search.     It  can  also  be  used  to  great  advantage  iu  the  study  of  small  Independent  crystals 


»8ee  Rosenbuach,  Mikr.  Phys.,  117-180,  1892;  also  Groth,  Phys.  Kryst.,  788-756.  1895. 
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aud  ciratalliDe  sectioDs  < 
i»  lo  be  direcled,  mon 
U)  crysialltDe  form,  u  ■ 


rfraKoieDtB.  Tlie  more  Important  polola  to  which  the  attention 
pBitlcul&rlf  in  the  case  of  minerals  la  sectioDS  of  rocks,  are: 
lown  Id  the  outline;  (3)  direction  of  clearage- lines;  (8)  refTKciive 


Index;  (4) llgbt-Bhaorption  Id  different  rlirectioiis,  i.e..  dichrotsm  or  pleochrolam;  (G)  thg 
Isotropic  or  anisotropic  character,  and  IF  tlie  latter,  the  direction  of  the  planes  of  Ifgbt- 
rlbraMoD — this  will  generally  decide  the  question  as  to  the  crfstalllne  system:  (S)  position 
of  the  axial  plane  and  nature  of  tlieAiinllnierference-flRiirea;  (7)  the  strength  and  character 
(+  or  — )  of  the  double  refraction;  (S)  iDcliisions,  solid,  liquid,  or  gaseous.  The  explanation 
In  regard  to  Um  special  optical  points  mentioned  is  deferred  to  later  pages. 
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GENERAL  OPTICAL  CHARACTERS  OF  MINERALS. 

331.  There  are  certain  characteristics  belonging  to  all  minerals  alike, 
crystallized  and  non-crystallized,  in  their  relation  to  light.     These  are: 

1.  Diaphaneity:  depending  on  the  relative  quantity  of  light  transmitted. 

2.  Color:  depending  on  the  kind  of  light  reflected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Luster:  depending  on  the  power  and  manner  of  reflecting  light. 

1.  Diaphaneity. 

332.  Degrees  of  Transparency.— The  amount  of  light  transmitted  by  a 
solid  varies  in  intensity,  or,  in  other  words,  more  or  less  light  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  307).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  opacjue,  as  iron.  The  following  terms  are  adopted  to  express  the 
different  degrees  in  the  power  of  transmitting  light: 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Svbtransparenty  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  are  translucent. 

Wlien  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaque.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  suflBciently  thin.  Magnetite  is 
translucent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  transparency,  and  many  minerals 
present,  in  their  numerous  varieties,  nearly  all  the  different  shades. 

2.  Color. 

333.  Nature  of  Color. — As  briefly  explained  in  Art.  294,  the  sensation  of 
color  depends  alone  upon  the  length  of  the  waves  of  light  which  meet  the  eye, 
if  they  are  all  of  the  same  length.  If  the  light  consists  of  various  wave- 
lengtlis,  it  is  to  the  combined  effect  of  these  that  the  sensation  of  color 
is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  307)  which  it  exerts  upon  the  light  transjnitted  or  reflected  by  it 
A  yellow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  witli  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  general 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
which  are  not  absorbed. 

All  minerals  may  be  divided  into  two  classes:  (1)  those  whose  color 
belongs  to  the  finest  particles  mechanically  made;  and  (2)  those  whose  color 
in  the  state  of  fine  powder  is  different  from  what  it  is  in  the  mass. 
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To  the  first  class  belong  the  metals  and  many  minerals  having  a  metallic 
luster;  for  instance,  the  powder  of  the  black  magnetic  oxide  of  iron,  magnetite, 
is  black ;  that  of  hematite,  which,  though  often  black  on  the  surface,  is  red  by 
transmitted  light,  is  red,  and  so  on. 

To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part  of  all 
minerals  having  an  unmetallic  luster.  With  them  the  color  is  often  quite 
unessential,  being  generally  due  to  small  admixtures  of  some  metallic  oxide, 
to  some  carbon  compound,  or  to  some  foreign  substance  in  a  finely  divided 
state.  With  most  of  these,  the  fine  powder  is  either  white  or  light-colored;  for 
example,  the  streak  (Art.  334)  of  black,  green,  red,  and  bltte  tourmaline  varies 
little  from  white, 

334.  Streak. — The  color  of  the  powder  of  a  mineral  as  obtained  by  scratching 
the  surface  of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard, 
by  rubbing  it  on  an  unpolished  porcelain  surface,  is  called  the  streak.  It  is 
obvious  from  the  distinctions  stated  above  that  the  streak  is  often  a  very 
important  quality  in  distinguishing  minerals.  This  is  especially  true  with 
minerals  of  the  first  class  mentioned  above,  that  is,  those  with  metallic  luster, 
as  defined  in  Art.  338. 

335.  Dichroisiii;  Fleoohroism. — The  selective  absorption,  to  which  the  color 
of  a  mineral  is  due,  more  especially  by  transmitted  light,  varies  according  to 
the  molecular  structure  of  the  crystals.  It  is  hence  one  of  the  special  optical 
characters  depending  upon  the  crystallization,  which  are  discussed  later. 
Here  belong  dichroism  or  pleochroism,  the  property  of  exhibiting  different 
colors  in  different  directions  by  transmitted  light.  This  subject  is  explained 
further  in  Arts.  365  and  393. 

336.  Varieties  of  Color. — The  following  eight  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  employment  of  this  character  in 
the. description  of  minerals:  white,  gray,  black,  blue,  green,  yellow,  red,  tkud 
brown. 

(a)  The  varieties  of  Metallic  Colors  recogoized  are  as  follows : 

1.  Ccjyper-red:  native  copper. — 2.  Br^nU'peUaw:  pyrrhotite. — 8.  Brcm-yelUne :  chalco- 
pyrite.— 4.  Qold-yellow:  native  gold. —5.  Silver-white:  native  silver,  less  distinct  in  arseno- 
pyrlte.— 6.  Tin-white:  mercury;  cobal lite. — 7.  Lead-gray:  gsAenti,  molybdenite. — 8.  Steel- 
gray:  nearly  the  color  of  fine-grained  steel  on  a  recent  fracture;  native  platinum,  and 
palladium. 

(6)  The  following  are  the  varieties  of  Non-mbtallic  Colors: 

A.  WHrrs.  1.  Snow-white:  Carrara  marble. --2.  Reddith  white,  8.  Tellawieh  white hudi, 
Orayiih  white :  all  illustrated  by  some  varieties  of  calcite  and  quartz.— 5.  Greenish  white: 
talc— 6.  Milk  white:  white,  slightly  bluish ;  some  chalcedony. 

B.  Gray.  1.  Bluish  gray:  gray,  inclining  to  dirty  blue.— 2.  PearUgray :  gray,  mixed 
with  red  and  blue:  cerargyrite. — '6.  Smoke-gray:  gray,  with  some  brown;  flint. ^.  Green- 
ish gray:  ^ray,  with  some  green:  cnt's-eye;  some  varieties  of  talc. — 6.  Yellowish  gray : 
sonoe  varieties  of  compact  limestone. — 6.  Ash-gray :  the  purest  gray  color ;  zoisite. 

C.  Black.  1.  Grayish  black :  black,  mixed  with  i^ray  (without  green,  brown,  or  blue 
tints) ;  basalt ;  Lydian  stone. — 2.  VelwP^Uack :  pure  black  ;  obsidian,  black  toarmaline. — 8. 
Greenish  bkick :  augite.— 4.  Brownish  black  :  brown  coal,  lignite. — 5.  Bluish  black :  black 
cobalt. 

D.  Blue.  1.  Blackish  blue:  dark  varieties  of  azurite. — 2.  A^ure^lue:  a  clear  shade  of 
bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite. — 8  Violet-blue:  blue, 
mixed  with  rea  ;  amethyst,  tluorite. — 4.  Lawnder-blue :  blue,  with  some  red  and  much  gray. 
— 5.  I^useian-blue,  or  "Berlin  blue:  pure  blue;  sapphire,  cyanite. — 6.  Smalt-blue:  some 
varieties  of  gypsum. — 7.  Indigo-blue :  blue,  with  black  and  green  :  blue  tourmaline.—^.  Sky- 
blue:  pale  blue,  with  a  little  green  ;  it  is  called  mountain-blue  by  painters. 

£.  Grbbm.  1.  Verdigris-green:  green,  inclining  to  blue  ;  some  feldspar  (amazon-stone). 
— 2.  Celandine-green :  green,  with  blue  and  gray  ;  some  varieties  of  talc  and  beryl.  It  is  the 
color  of  the  leaves  of  the  celandine  (Chelidonium  majus). — 8.  Mountain-green:  green,  with 
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much  blue ;  beryL^4.  Leek-^jireen :  green,  with  some  brown  ;  the  color  of  leaves  of  garlic  ; 
distinctly  seen  in  prase,  a  variety  of  quartz. — 5.  Bmerald-green :  pure  deep  green  ;  emerald. 
— tt.  Apple-green :  light  green  with  some  yellow  ;   chrysoprase.— 7.  Orcu9-green  :   bright 

greeu.  with  more  yeflow  ;  green  diallage. — 8.  Pislaeliio-green :  yellowish  green,  with  some 
rown  ;  epidote. — 9.  Atparagui-green :  pale  green,  with  much  yellow;  asparagus  stone 
(apaiite). — 10.  BlackiBh  green :  serpentine.— 11.  Olive  green:  dark  green,  with  much  brown 
and  yellow;  chrysolite.— 12.  Oil-green:  the  color  of  olive-oil;  beryl,  pitchstoue. — 18. 
Siikin-green :  light  gi-een.  much  inclining  to  yellow  ;  urauite. 

F.  Yellow.  1.  Sulphur  yellow :  sulphur.— 2.  Straw-yellow:  pale  yellow;  topaz. — 8. 
Wax  yellow  :  grayish  yellow  with  some  brown  ;  blende,  opul. — 4.  Honey-yellow:  yellow, 
with  some  red  and  brown  ;  calcite. — 5.  Lemon-yellow:  sulphur,  orpiment. — 5.  Oeher-yellow : 
yellow,  wiih  brown  ;  yellow  ocher. — 7.  Wine-yellow:  topaz  and  liuorite. — 8.  Oream-yeUow : 
some  varieties  of  lithomarge. — 9.  Orange-yellow :  orpiment. 

G.  Red.  1.  Aurora-red:  red,  with  much  yellow;  some  realgar. — 2.  HyacinUi-red:  red, 
with  yellow  and  some  brown  ;  hyacinth  garnet. — 3.  Biick-red:  polyhaliie,  some  jasper.— 4. 
ScarleUred :  bright  red,  with  a  tinge  of  yellow;  cinnabar.— 5.  Blood-red:  dark  red,  with 
some  yellow  ;  pyrope.— 6.  Fle$h-red:  feldspar. — 7.  Carmine-red:  pure  red  ;  ruby  sapphire. 
— 8.  Hose-red:  rose  quartz— 9.  Crimeon-red :  ruby. — 10.  Peaeftbloseotn-red:  red,  with  white 
and  gray;  lepidolite. — 11.  Columbine-red:  deep  red,  with  some  blue;  garnet. — 12.  Clierry* 
red :  dark  red,  with  some  blue  and  brown  ;  spinel,  some  jasper. — 13.  Brawnuh-red :  jasper, 
limonite. 

H.  Brown.  1.  Reddish  brown :  garnet,  zircon.— 2.  Clove-brown:  brown,  with  red  and 
some  blue;  axinite. — 3.  Hair-brown:  wood  opal.— 4.  Broecolibrown :  brown,  with  blue, 
red,  and  gray:  zircon.— 5.  Chestnut-brown:  pure  brown. ^-6.  Yellounsh  brown  :  jasper. — 7, 
Pinehbech-brown :  yellowish-brown,  with  a  metallic  or  metallic-pearly  luster:  several 
varieties  of  laic,  bronziie. — 8.  Wood-brown:  color  of  old  wood  nearly  rotten  ;  some  speci- 
mens of  asbestus.- 9.  Liver-brown:  brown,  with  some  gray  and  green  ;  jasper. — 10.  Black" 
ish  brown :  bituminous  coal,  brown  coal. 

3.  Luster. 

337.  Nature  of  Lnster. — The  luster  of  minerals  varies  with  the  nature  of 
their  surfaces.  A  variation  in  the  quantity  of  light  reflected  produces  different 
degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reflecting  sur- 
face produces  different  kinds  of  luster. 

338.  Kinds  of  Luster— The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  luster  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaque 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  edges  or  thin 
splinters.  Some  minerals  have  varieties  with  metallic  and  others  with  unmetal- 
lic  luster;  this  is  true  of  hematite. 

Imperfect  metallic  luster  is  expressed  by  the  term  sub-metallic,  as  illustrated 
by  columhite,  wolframite.     Other  kinds   of  luster  are  described  briefly  as 

UNMETALLIC. 

2.  Admnantine :  the  luster  of  the  diamond.  When  also  sub-metallic,  it  is 
termed  metaUic-adamantiney  as  cerussite,  pyrargyrite. 

Adamantine  luster  belongs  to  substances  of  high  refractive  index.  This 
may  be  connected  with  their  relatively  great  density  (and  hardness),  as  with  the 
diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules,  thus 
most  compounds  of  lead,  not  metallic  in  luster,  have  a  high  refractive  index 
and  an  adamantine  luster. 

3.  Vitreous :  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster  is 
termed  sub-vitreous.  The  vitreous  and  sub-vitreous  lusters  are  the  most  com- 
mon in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree  ;  calcite,  often  the  latter. 

4.  Resinous:  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  varieties 
of  sphalerite. 
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5.  Oreasy :  luster  of  oily  giass.  This  is  near  resinous  luster,  but  is  often 
quite  distinct,  as  elseolite. 

6.  Pearly :  like  pearl,  as  talc,  brucite,  stilbite^  etc.  When  united  with  sub- 
metallic,  as  in  hypersthene,  the  term  metallic-pearhi  is  used. 

Pearly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
partially  separated  into  successive  plates,  as  on  the  basal  plane  of  apophyllite. 
It  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

7.  Silky :  like  silk  ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite,  fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral 
faces  of  a  right  square  prism  may  thus  differ  from  a  terminal,  and  in  the  right 
rectangular  prism  the  lateral  faces  also  may  differ  from  one  another.  For 
example,  the  basal  plane  of  apophyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  they  having  a  vitreous  luster. 

As  sbowD  by  HuidiDger,  ouly  vitreous,  adamantine,  nnd  metallic  luster  belong  to  faces 
perfectly  smooth  and  pure.  lu  the  first,  the  refractive  index  of  the  mineral  is  1  a-1  8 ;  in 
the  second.  1*9-2*5;  in  the  third,  about  2*5.  The  true  difference  between  metallic  and 
▼itreous  luster  is  due  to  the  effect  which  the  different  surfaces  have  upon  the  reflected  light; 
in  general,  the  luster  is  produced  by  the  union  of  two  simultaneous  impressions  made  upon 
the  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined  by  a  nicol  prism  (or  the 
dichroscope  of  Uaidiueer,  Art.  865),  it  will  be  found  that  both  rays,  that  vibrating  in  the 
plane  of  incidence  and  that  whose  vibrations  are  normal  to  it,  are  alike,  each  having  the 
color  of  the  material,  onlv  diffeHug  a  little  in  brilliancy ;  on  the  contrary,  of  the  light 
reflected  by  a  vitreous  substance,  those  ravs  whose  vibrations  are  at  right  angles  to  the 
plane  of  fncideiicc  are  more  or  less  polarizea,  and  are  colorless,  while  those  whose  vibratious 
are  in  this  plane,  having  penetrated  somewhat  into  the  medium  and  suffered  some  absorp- 
tion, show  tiie  color  of  the  s'lbstance  itself.  A  plate  of  red  glass  thus  examined  will  show 
a  colorless  and  a  red  image.    Adamantine  luster  occupies  a  position  between  the  others. 

339.  Degrees  of  Luster. — The  degrees  of  intensity  of  luster  are  denominated 
as  follows: 

1.  Splendent :  reflecting  with  brilliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Glistening:  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Olimmering :  affording  imperfect  reflection,  and  apparently  from  points 
over  the  surface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  luster,  as  chalk, 
the  ochers,  kaolin. 

340.  Play  of  Colors.  Opalescence.  Iridescence.— The  term /^/^v  o/co^r^  is 
used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid  succession 
on  turning  the  mineral.  This  property  belongs  in  perfection  to  the  diamond, 
in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed  in  precious 
opal,  where  it  is  explained  on  the  principle  of  interference;  in  this  case  it  is 
most  brilliant  by  candle-light. 

The  expression  change  of  colors  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession 
produced  by  turning  the  mineral  is  less  rapid.  This  is  shown  in  labradorite, 
as  explainea  under  that  species. 

Opalescence  is  a  milky  or  pearly  rejection  irom  the  interior  of  a  specimen. 
Observed  in  some  opal,  and  in  cat  s-eye. 
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Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
the  surface  of  a  mineral.  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.,  are  sometimes  to  be  explained  by  the  presence  of  minute  foreign  crystals,, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellae,  in  the  light  reflected  from  which  interference  takes 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  313). 

341.  Tarnish — A  metallic  surface  is  tarnished  when  its  color  differs  from 
that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bornite.  A  surface 
possesses  the  steel  tarnish  when  it  presents  the  superficial  blue  color  of 
tempered  steel,  as  columbite.  The  tarnish  is  irised  when  it  exhibits  fixed 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hyd rated  iron  oxide,  usually  formed  from  pyrite,  is  one 
of  the  most  common  sources  of  it,  and  produces  the  colors  on  anthracite  and 
hematite. 

342.  Asterism — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  hj 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Canada.  In  the  former  case  it  is  explained  by  the  presence  of  thin 
twinning-lamellae  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
presence  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 
probably  rutile  or  tourmaline  in  most  cases.  Crystalline  faces  which  have 
been  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  refiected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

343.  Sohillerization. — The  general  term  schiller  (from  the  German)  is 
applied  to  the  peculiar  luster,  sometimes  nearly  metallic,  observed  in  definite 
du'ections  in  certain  minerals,  as  conspicuously  in  schiller-spar  (an  altered 
variety  of  bronzite),  also  in  diallage,  hypersthene,  sunstone,  and  others.  It  is 
explained  by  the  reflection  either  from  minute  inclosed  plates  in  parallel 
position  or  from  the  surfaces  of  minute  cavities  (negative  crystals)  having  a 
common  orientation.  In  many  cases  it  is  due  to  alteration  which  has 
developed  these  bodies  (or  the  cavities)  in  the  direction  of  solution -planes 
(see  Art.  264).  The  process  by  which  it  has  been  produced  is  then  called 
schillerization. 

344.  Fluorescence. — The  emission  of  light  from  within  a  substance  while 
it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical  dis- 
charge in  a  vacuum  tube,  is  q^Xq^  fluorescence.  It  is  best  exhibited  by  flnorite^ 
from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of  white  light 
be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color  is  called 
out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra-violet 
rays,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  calls  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphoi'pscej  after  the  discharge  ceases. 

345.  Phosphorescence. — The  continued  emission  of  light  by  a  substance 
(not  incandescent)  produced  especially  after  heating,  exposure  to  light  or  to 
an  electrical  discharge,  is  q^XqA  phosphorescence. 
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Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150°  C.  Different  varieties  give  off  light  of  different  colors;  the  chlorophane 
variety,  an  emerald -green  light;  others  purple,  blue,  and  reddish  tints.  This 
phosphorescence  may  be  observed  in  a  dark  place  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  It  is  even  called  out  by  a  sharp  blow  with  a 
hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight  heating, 
emit  a  yellow  light;  so  also  tremolite,  dan bu rite,  and  other  species. 

By  the  application  of  heat  minerals  lose  their  phosphorescent  properties. 
But  on  passing  electricity  through  the  calcined  miner^  a  more  or  less  vivid 
li^ht  is  produced  at  the  time  of  the  discharge,  and  subseauently  the  specimen 
when  heated  will  often  emit  light  as  before.  The  liglit  is  usually  of  the 
same  color  as  previous  to  calcination,  but  occasionally  is  quite  different.  It  is 
in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of 
fluorite  it  may  be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has 
also  been  found  that  some  varieties  of  fluorite,  and  some  specimens  of  diamond, 
calcite,  and  apatite,  which  are  not  naturally  phosphorescent,  may  be  rendered 
so  by  means  of  electricity.  Electricity  will  also  increase  the  natural  intensity 
of  the  phosphorescent  light. 

Exposure  to  the  light  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
This  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum^ 
while  in  the  red  rays  it  is  rapidly  lost. 
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SPECIAL  OPTICAL  CHARACTERS  BELONGING  TO   CRYSTALS 

OF  THE  DIFFERENT   SYSTEMS. 

846.  All  crystallized  minerals  may  be  grouped  into  three  grand  classes, 
which  are  distinguished  by  their  physical  properties,  as  well  as  their 
geometrical  form.     These  three  classes  are  as  follows: 

A.  Isometric  claiSy  embracing  crystals  of  the  isometric  system,  which  are 
Jteferred  to  three  eqnal  rectangular  axes. 

B.  hodiametric  olasSy  embracing  crystals  of  the  tetragonal  and  hexagonal 
iystemSy  referred  t  j  two,  or  three,  equal  lateral  axes  and  a  third,  or  fourth, 
4ais  unequal  to  them  at  right  angles  to  their  plane.  Crystals  of  this  class  have 
a>  fixed  principal  axis  of  crystallographic  symmetry. 

O.  Aiiisometric  class,  embracing  the  crystals  of  the  orthorhombic,  mono- 
dinic,  and  triclinic  systems,  referred  to  three  unequal  axes.  Crystals  of  this 
olass  are  without  a  fixed  axis  of  crystallographic  symmetry. 

347.  Isotropic  Crystals. — Of  the  three  classes,  the  isometric  class  includes 
all  orystals  which,  with  respect  to  light  and  related  phenomena  involving  the 
•ether,  are  isotropic;  that  is,  those  which  have  like  optical  properties  in  all 
directions.  Specifically,  a  light-wave  is  propagated  in  them  with  the  same 
velocity  in  all  directions,  and  its  wave-front  is  therefore  a  sphere.  Hence, 
idso,  the  sphere  may  be  regarded  as  representing  the  optical  structure  of  an 
Tsometric  orystaL  The  geometrical  property  of  the  spnere  that  every  cross- 
section  is  a  oirole  ooweyRidi  to  the  optical  property  of  the  isotropic  medium 
in  which  the  velocity  oi  light-propagation  is  the  same  in  every  direction,  for 
this  being  true,  the  medium  must  have  like  properties  of  the  ether  in  any 
plane  normal  to  such  a  line. 

It  must  be  repeated  here,  however,  that  such  a  crystal  is  not  isotropic  with 
reference  to  those  characters  which  depend  directly  upon  the  molecular  struc- 
ture alone,  as  cohesion  and  elasticity.     (See  Art.  254.) 

Further,  amorphous  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
oriented  molecular  structure — that  is,  those  in  which  all  directions  are  sensibly 
the  same — are  also  isotropic,  and  not  only  with  reference  to  light,  but  also  as 
regJirds  their  strictly  molecular  properties. 

348.  Anisotropic  Crystals;  uniaxial  and  BiaziaL — Crystals  of  the  isodia- 
jiETRic  and  ANisoMETRic  CLASSES,  on  the  other  hand,  are  in  distinction  aniso- 
tropic. Th^r  optical  properties  are  in  general  unlike  in  different  directions, 
or,  more  particularly,  the  velocity  with  which  light  is  propagated  varies  with 
the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
light-ether  upon  which  the  velocity  of  propagation  depends  remains  constant 
for  all  directions  which  are  normal,  or,  again,  for  all  those  equally  inclined  to 
the  vertical  crystallographic  axis.  In  the  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  optic  axis,  and  the  crystals  of  this 
cliiss  are  said  to  be  uniaxial.  The  optical  structure  of  uniaxial  crystals  can  be 
representod  by  a  spheroid,  that  is,  an  ellipsoid  of  revolution  whose  axis  of 
revolution  is  the  optic  axis,  or  axis  of  crystallographic  symmetry.  The  direction 
and  properties  of  this  optic  axis  will  be  seen  to  correspond  to  the  geometrical 
property  of  tbe  spheroid,  a  section  of  which  normal  to  this  axis  is  always  a 
circle. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  in  character  to  the  single  optic  axis 
«noken  of  above,  hence  these  crystals  are  said  to  be  optically  biaxial.    Further, 


n  =  — ,  or  V 
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it  will  be  shown  that  their  optical  structure  may  be  represented  geometrically 
by  an  ellipsoid  with  three  unequal  rectangular  axes.  Every  such  ellipsoid  has 
two  directions  in  which  it  can  oe  cut  yielding  cross-sections  which  are  circles^ 
the  optic  axes  spoken  of  will  be  seen  later  to  be  normal  to  these  planes  after 
the  analogy  of  uniaxial  crystals. 

In  crystals  of  the  orthorhombic  system  the  axes  of  the  ellipsoid  coincide 
in  direction  with  the  crystallographic  axes.  In  crystals  of  the  monoclinio 
system  one  of  these  ellipsoidal  axes  coincides  with  the  axis  of  crystallographic 
symmetry,  the  other  two  lie  in  the  plane  of  symmetry.  In  crystals  of  the 
triclinic  system  there  is  no  necessary  relation  between  the  position  of  the 
ellipsoidal  axes  and  those  assumed  to  describe  the  crystallograpnic  form. 

All  of  these  points  require  detailed  discussion,  but  the  aboYe  statements 
will  partially  serve  to  bring  out  the  intimate  connection  between  the  moleo* 
nlar  structure  exhibited  in  the  geometrical  form  and  the  optical  characters 
depending  upon  the  properties  belonging  to  the  light-ether  within  the  crystal, 

A.  Isometric  Crystals. 

349.  It  has  been  stated  thai  crystals  of  the  isometric  system  are  optically 
isotropic,  and  hence  light  travels  with  the  same  velocity  in  every  direction  in 
them.  Light  can,  therefore,  suffer  only  single  refraction  in  passing  into  an 
isotropic  medium ;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  for  a  given  wave-length.  If  this  be  represented  by  n<,  while 
V  is  the  velocity  of  light  in  air  and  v  that  in  the  given  medium,  then 

V  V 

— .  * 

n 

The  wave- front  for  light- waves  propagated  from  any  point  within  such  an 
isotropic  medium  is  a  sphere,  and,  as  already  stated,  this  geometrical  figure 
may  be  taken  as  representing  the  optical  structure  of  an  isometric  crystal. 

This  statement  holds  true  of  all  the  groups  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  fluorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  the  groups,  however,  namely 
the  plagihedral  and  the  tetartohedral  groups,  differ  in  this  particular:  that 
<^rystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art. 
923)  as  circular  polarization. 

350.  Behavior  of  Sections  of  l8omet]::ic  Crystals  in  Polarized  Light. — In  con- 
sequence of  their  isotropic  character,  isometric  crystals  exhibit  no  special 
phenomena  in  polarized  light.  Sections  of  transparent  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light.     In  other  words,  a  section  on  the  stage  of  the 

f>olariaation -microscope,  when  the  nicols  are  crossed,  appears  dark,  and  a  revo- 
iition  of  the  section  in  any  plane  produces  no  change  in  appearance.  Similarly^, 
it  appears  light  in  any  position  when  placed  between  parallel  nicols.  Some 
anomalies  are  mentioned  on  a  later  page  (Art.  411). 

The  single  refractive  index  may  be  determined  by  n^eans  of  a  prism  cu^ 
with  its  edge  in  any  direction  whatever. 

B.  Uniaxial  Crystals. 

General   Optical   Relations. 

351.  The  crystallographic  and  optical  relations  oi  crystals  belonging  to 
crystals  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefly 
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summarized  (Art.  348);  it  now  remains  to  develop  their  optical  characters  more 
fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the  familiar 
conception  of  a  light-ray  to  represent  the  character  and  motion  of  the  light- 
wave. 

352.  Optic  Axis.  Ordinary  and  Extraordinary  Eay. — The  study  of  a  crystal 
belonging  to  this  class  shows,  in  the  first  place,  that  light-rays  which  pass  in 
the  direction  of  the  vertical  axis  suffer  no  double  refraction.  This  direction  is 
that  called  the  optic  axis.  Since  the  rays  spoken  of  are  propagated  by  vibra- 
tions at  right  angles  to  the  vertical  axis,  that  is,  in  the  plane  of  the  lateral 
crystallographic  axes,  this  observed  fact  proves  that  for  sucn  rays  there  is  but 
one  value  of  the  refractive  index,  and,  further,  that  all  the  lateral  directions 
must  be  identical  so  far  as  those  properties  of  the  ether  are  concerned  upon 
which  the  velocity  of  light  depends. 

On  the  other  hand,  light  which  passes  through  the  crystal  in  any  other 
direction  than  that  of  the  vertical  axis  suffers  double  refraction;  in  other  words, 
it  is  separated  into  two  rays,  which  are  propagated  with  different  velocities. 
This  is  true  (see  Art.  310)  even  when  the  rays  follow  the  same  path,  as  in  the 
case  of  perpendicular  incidence  upon  the  ^iven  face. 

Both  of  these  rays  are  completely  polarized,  and  that  in  planes  at  right 
angles  to  each  other. 

It  is  found,  further,  that  for  one  of  these  two  rays,  namely,  that  propagated 
by  vibrations  normal  to  the  vertical  axis,  there  is  a  constant  value  of  the 
refractive  index,  whatever  its  direction;  moreover,  this  value  follows  the  usual 
law  as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and 
refraction  (Art.  298).  It  is  hence  called  the  ordinary  ray,  and  the  correspond- 
ing refractive  index  is  uniformlv  represented  by  the  letter  co. 

For  the  other  ray,  on  the  other  nand,  it  is  found  that  the  refractive  index 
varies,  and  in  general  it  does  not  obey  the  sine  law.  It  is  hence  called  the 
extraordinary  ray.  Further,  if  the  direction  of  propagation  changes  progres- 
sively from  that  nearly  coinciding  with  the  vertical  axis  to  that  in  the  lateral 
plane  normal  to  it,  it  is  found  that  the  value  of  the  refractive  index  of  the 
extraordinary  ray  deviates  more  and  more  widely  fi*om  the  constant  value  for 
the  ordinary  ray,  and  this  difference  becomes  a  maximum  when  the  former  is 
propagated  in  a  lateral  plane  normal  to  the  vertical  axis,  that  is,  by  transverse 
vibrations  in  the  direction  of  this  axis.  This  last  value  of  the  refractive  index 
is  represented  by  the  letter  €.  These  two  indices,  co  and  e,  are  called  the 
principal  indices  of  a  uniaxial  crystal.  A  principal  section  of  a  uniaxial 
crystal  is  a  section  passing  through  the  vertical  axis. 

353.  Positive  and  Negative  Crystals. — Uniaxial  crystals  are  divided  into 
two  classes.  Those  in  which  the  refractive  index  of  the  extraordinary  ray,  e,  is 
greater  than  that  of  the  ordinary  ray,  a?,  are  called  positive.  This  is  illustrated 
by  quartz  for  which  (Jor  yellow  sodium  light): 

00  =  1-544.  e  =  1-553. 

On  the  other  hand,  if  oo  is  greater  than  6,  the  crystal  is  said  to  be  negative. 
Calcite  is  an  example,  for  which  (for  sodium  light) : 

CO  =  1-658.  €  =  1-486. 

Other  examples  are  given  later  (Art  356). 

354.  Wave-surface. — Remembering  that  the  velocity  of  light-propagation 
is  always  inversely  proportional  to  the  corresponding  refractive  index,  it  is 
obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a  uniaxial , 
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crystal  mnst  be  the  same,  being  uniformly  proportional  to 

words,  the  wave-front  of  the  ordinary  ray  must  be  a  sphere. 

For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  —  iii  a  lateral  direction  and  becoming  sensible  equal 
to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis.  The 
law  of  the  varying  change  of  velocity  between  these  values,  —  and  —  is  given 

QO  c 

by  an  ellipse  whose  axes  (OC,  (3-4,  Figs.  618,519)  are  respectively  proportional 

to  the  above  values. 

618.  619. 

c 
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CO      € 


This  law,  suggested  by  Huygens,  has  since  been  verified  by  accurate 
experiments  by  several  observers  for  typical  substances,  as  calcite  and  soda 
niter;  hence  it  is  accepted  without  question  as  a  law  of  nature.  The  wave- 
front  of  the  extraordinary  ray  is  then  a  spheroid,  or  an  ellipsoid  of  revolution 
whose  axis  coincides  with  the  vertical  crystallographic  axis,  that  is,  the  optical 
axis.  In  the  direction  of  the  vertical  axis  it  is  obvious  that  the  two  wave- 
fronts  coincide. 

620.  621. 


Negative  (Mystal,  cd  >  e  Positive  crystal,  e  >  to. 

Figures  520  and  521  represent  yertical  sections  of  the  combined  wave- 
«nrface8  for  both  rays.    Fig.  520  gives  that  for  a  negative  crystal  like  calcite 
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531  that  ot&  positive  crystal  like  quartz  (e  >  go).  Fig.  5S2  i» 
an  attempt  to  show  the  relations  of  the  two 
wave-fronts  of  a  negative  crystal  in  perspective. • 
The  constant  value  of  thevelocity  of  the  ordinary 

ray    f -  1,  whatever  its  direction  in  this  plane,  \a 

expressed  by  tJie  radiits  of  the  circle  (=  OC). 
On  the  other  hand,  the  velocity  of  tlie  extra- 
ordinary ray   in    the  lateral  direction  is  given 

by  Oa{-\,  while  in  a  direction  na  Osr,  Fig.  520 

(Ots,  Fig.  531),  it  is  expressed  by  the  length  of 

and  more  nearly  equal  to  Oci-j  as  its  direction 

approaches  that  of  the  vertical  axis. 

355.  Indicatriz.— It  will  now  be  understood  what  was  meant  by  tbe  state- 
ment in  Art.  34S  that  the  optical  strnctnre  of  a  uniaxial  crystal  may  be 
represented  by  an  ellipsoid  of  revolntion,  and  it  is  forther  obvious  that  the 
ratio  between  the  axes  of  this  ellipsoid  must  be  as  already  given : 


this  line,  becoming  i 


OCi  OA  = 


1       1 


It   has   been    shown   by   Fletcher  f   that   this   ellipsoid,  called   by  bira  the 

indicatrix,    may   be   taken   to    represent   the 

optical  characters  of  both  rays  .without  refer-  *^*-    _ 

ence  to  the  wave-surface,  sini^e  it  can  be  proved 

geometrically  %  that  for  a  given  direction,  as  Or, 

tbevelocityof  the  extraordinary  ray  is  expressed 

not  only  by  Or  but  also  by  the  inverse  oi  the 

normal  upon  it  from  the  point  R  (determined 

by  the  tangents  to  the  ellipse),  that  is,  by  -jp^'i 

also  this  normal  fixes  the  plane  of  polarization 
which  is  perpendicular  to  RX.  Further,  the 
Telocity  of  the  ordinary  ray,  having  the  same 
direction  (cf.  p.  195),  is  expressed  by  the  inverse 
of  the  second  normal  upon  the  same  line,  that 

is,  r— ,  since  this  normal  is  always  in  the  equatorial  plane,  the  section  of  which 

is  a  circle.     Fig.  523  shows  the  form  of  the  indicatrix  for  a  negative  crystal 

•  Figs.  832  snd  538  nre  taken  from  Mill  I  er-Poiiil  let's  Lehrbuch  der  Physlk. 
f  Thu  Opiicnl  Indtcnlrix  aud  Ihe  Traasmlaaioti  of  Light  lu  Cryatsla,  b7  L.  Fletcher. 
London,  1882. 

{This  follows,  from  the   propertj  of  the   ellipse   lu   geDernl,  sli 

OBVr=  OA.OC.  Ihatis,  RN.Or  =  OA.OCe.r,A  Or-   ^-^-^^ 


RN 


iho  parallelograia 
CoDstaot 


.Or  =  ^ 


Id 


other  words,  the  velocity  of  Ihe  extraordloftry  ray  (z.)  varies  invt 

Similarly,  «■  is  represented  by  Or,,  that  is,  iti  ihe  iDdicatrii  by  , 

^(sioce  Or,=  OC=- 


ely  M 


OA.OC  _ConiitnDl\ 
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like  calcite  (a?  >  e);  that  for  a  positive  crystal,  like  quartz  (e  >  co)  would  be 
a  prolate  spheroid. 

866.  EzamplM  of  PotitiYe  and  Hegatiye  Cryitals. — The  following  list/i  give  prominent 
positive  and  negative  uniaxial  crystals,  with  the  values  of  Uie  refractive  indices,  a)  and  6, 
for  each,  corresponding  to  yellow  sodium  light.*  The  difference  between  these,  a>~e  or 
6 — GO,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  refraction. 

It  may  be  remarked  that  in  some  species  both  +  and  —  varieties  have  been  observed. 
Certain  crystals  of  apophyllite  are  positive  for  one  end  of  the  spectrum  and  negative  for 
the  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  is  true  for  some  other  species  {e.g.,  cbabazite)  of  weak  double 
refraction.  It  is  to  be  noted  also  that  while  eudialyte  is  positive,  the  related  eucoUte  is 
negative. 

Negative  Crvstals. 

Proustite 8  0877  27924  02958 

Calcite 1  6585  1*4868  01722 

Tourmaline 1*6897  1*6208  00189 

Corundum 1*7675  1*7692  0  0088 

Bervl 1*5894  1*5821  0*0078 

Nephelite 1*5416  1*5876  0-0040 

Apatite 1*6461  1*6417  0  0084 

Yesuvianite 1*7285  1*7226  00009 

POBITIYB  CbTBTALB. 

<0    .  6  €—00 

Rutile 2*6158  2*9029  0*2871 

CassiteHte 19966  20984  0*0968 

Zircon 19818  1*9981  0*0618 

Phenacite 1*6540  1*6697  0  0157 

Brucite 1*5590  1-5795  0  0205 

Quartz 1*5442  1*5588  0*0091 

Apophyllite 1-5337  1*5356  0  0019 

Leucite 1*508  1*509  0001 

Fxamiiiation  of  Uniaxial  Crystals  in  Polarized  Light, 

357.  Section  Normal  to  the  Axis  in  Parallel  Polarized  Light.— Suppose  s 
section  of  a  uniaxial  crystal  to  be  cut  perpendicular  to  the  vertical  axis.  It 
has  already  been  shown  that  light  passing  through  the  crystal  in  this  direction 
suffers  no  double  refraction;  consequently,  such  a  section  examined  in  parallel 
polarized  light  in  the  instrument  called  an  orthoscope  (Fig.  515),  or  in  the 
polarization -micro8Ct>pe  (Figs.  516,  517),  behaves  as  a  section  of  an  isometric 
crystal,  or  of  an  amorphous  substance.  If  the  nicols  are  crossed  it  appears 
dark,  and  remains  so  when  revolved. 

358.  Section  Parallel  to  the  Axis. — A  section  cut  parallel  to  the  vertical 
axis,  as  already  explained,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis  and  the  other  at  right  angles  to  it.  A  ray  of  ordinary  light  falling 
upon  such  a  section  at  right  angles  is  divided  into  the  two  rays,  ordinary  and 
extraordinary,  which,  however,  in  this  special  case  of  perpendicular  incidence 
travel  on  in  the  same  path  through  the  crystal,  but  one  of  them  retarded 
relatively  to  the  other.  In  parallel  polarized  light  between  crossed  nicols 
such  a  section  will  appear  dark  if  the  directions  of  its  two  vibration-planes 
coincide  with  the  vibration-planes  of  the  nicols.    Thus  in  Fig.  524,  A  A  being 

*  For  authorities,  see  Dana's  System,  1892.  For  corundum  and  brucite  the  values  of 
«^  and  ^f.  are  given. 
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the  vibration -plane  of  the  lower  nicol  (polarizer)  and  BB  of  the  tipper  Dico] 
(aiiiklyzer),  the  light  that  has  passed  through  the  polarizer  baa  its  Tibrations 
limited  to  the  plaue  AA ;  these,  therefore,  pass  through  the  section  abed,  but 
they  are  arrested  or  extinguished  hy  the  second  nicol.  Tbe  same  will  be  true 
if  the  section  is  turned  at  right  augles  to  the  first  position,  that  is,  into  the 
position  a'b'c'd',  represented  by  the  dotted  lines. 

if  the  section  stand  obliquely,  as  altcd  in  Fig.  535,  it  will  appear  light 
to  the  eye  (and  aaually  colored).     For  tbe  vibrations  parallel  to  AA  that  have 


.A 

o^ i' 

di 1 ! 1" 

B ! B 

d'^         e' 

■A 


passed  throngh  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tion of  each  of  the  vibration-planes  of  the  section.  Again,  each  of  these 
components  can  be  resolved  along  the  direction  of  the  vibration-plane  of  tbe 
upper  nicol,  BB.  Therefore,  two  raya  will  emerge  from  the  analyzer,  both 
having  the  same  vibration-plane,  but  one  more  or  less  retarded  with  reference 
to  the  other,  the  amonnt  of  retardation  increasing  with  the  birefringence  and 
the  thickness  of  the  section.  In  general,  therefore,  these  rays  will  interfere, 
and  if  the  thickness  of  the  section  is  sufficient  (and  not  too  great)  it  will 
appear  colored  in  white  light  and,  supposing  the  thickness  uniform,  of  the 
same  color  throughout. 

Any  section  what«ver  of  a  uniaxial  crystal  appears  dark  between  crossed 
nicols  if  its  principal  section  (Art.  352)  coincides  with  the  vibration -plane  of 
either  nicol. 

359.  Color  of  a  Section  in  Parallel  Polarised  Light.  Birefringence. — The 
inter  fere  nee- color  of  a  section  under  examination  depends  (Art.  320)  upon  its 
thickness  and  upon  the  birefringence;  this  birefringence  has  a  maximum 
value,  equal  to  m  —  c  or  e  —  o),  if  the  section  is  cut  parallel  to  the  optic  axis 
('.«■■  1  ^)- 

Tlic  following  table*  gives  the  thickness  (in  millimeters)  of  sections  of  a 
few  uniaxial  crystals  which  yield  red  of  the  first  order: 

Birefringence  Tliicknew  in 

(»  -  0  or  («  -  <")■  Millimeten. 

Rutile 0-287  0-0019 

Calcite. 0-172  0  0032  ! 

Zircon 0'063  00089 

Tourmaline   0-023  00240 

Quartz 0  009  00612 

Nephelite 0004  01377 

Leucite 0001  0-5510 

*See  tiirlber.  RoseDbusch  (Hibr  Phye.  Mill.,  1863,  p.  166),  from  wbom  thcw  an 
taken.    Compare  also  remarks  made  in  Art.  8M. 


CHABACTEBS  DEFKNDINa  UPON   LIGHT.  199 

Agnia.  u  RDnlber  einrople,  it  may  be  noted  Ibnl  ntth  zircon  U  —  lo  =  Q  062).  a  llii<'lttie8a 
of  about  VOOV  mm  gives  red  of  Ibe  first  order;  of  0  017  red  of  tbe  aecoiid  order:  of  0028 
ted  of  tbe  third  order. 

'i'lie  methods  ordinarily  uwd  to  deiermine  Ibe  birefri  ne'e  nee  of  a  section  (not  1  ^)  of  a 
uniaxial  cryeutl,  as  alM>  1o  Bz  tbe  relatlTC  vntue  of  lis  two  vlbnilion-directiona,  are  tbe  same 
as  those  employed  lor  biaxial  crygliils,  and  tbe  dlscuMJon  vf  them  ia  poetpoued  to  a  bter 
page  (Art.  SHJ 

360.  Umuxlal  Interferenoe-flgiire. — If  an  axial  section,  that  is,  one  cut 
normal  to  the  vertical  axis  d,  of  suitable  tbickneBa,  be  viewed  in  converging 
polamed  light  in  a  polariacope,  e.g.,  the  conoBCOpe  (Art.  327,  Fig.  5)4),  or  the 
tourmaline  tongs  (Fig.  513),  or  again  in  the  microscope*  arranged  for  the 
purpose,  it  no  longer  appeara  dark.  On  the  contrary,  a  beantifnl  phenomenon 
18  observed:  a  symmetrical  black  cross — when  the  iiicols  or  tourmaline  plates 
are  crossed — with  a  series  of  concentric  rings,  dark  and  light  in  monochromatic 
light,  but  in  white  light  showing  the  prismatic  colors  in  su<;ceBsion  in  each 
ring.  This  is  represented  without  the  colors  in  Fig.  536,  and  with  the  colors 
In  Fig.  1  of  the  plate  forming  the  frontispiece  to  this  volume. 

This  cross  becomes  white  when  the  nicols  or  tourmalines  are  in  a  parallel 
position,  and  each  band  of  color  in  white  light  changes  to  its  complementary 
tint  (cf.  Fig.  527).  These  inturference-figures,  seen  f  in  this  form  only  in  a 
plate  cut  perpendicular  to  the  vertical  axis,  mark  the  vmaxial  character  of 
the  crystal. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  in  a  brief 
statement,  is  as  follows:  All  the  rays  of  light  perpendicular  to  the  plane  of 
the  section,  that  is,  those  whose  vibrations  coincide  sensibly  with  the  vibration- 
planes  of  either  of  the  crossed  nicols,  must  necessarily  be  Extinguished.    Tbia 
626.  627. 


gives  rise  to  the  black  cross  in  the  center,  with  its  arms  in  the  direction  of  the 
planes  mentioned.  Obviously  this  cross  will  bo  darkest  along  its  central  axis, 
while  it  fades  out  on  the  sides.  All  other  rays  passing  througli  the  given  plate 
obhqueiy  are  douhlf  refracted,  and  after  passing  through  the  second  ntcol,  thus 
being  referre;!  to  the  same  plane  of  polarization,  they  interfere,  and  give  rise 

•Afler  tlie  MCtion  'j  In  position  on  the  stage,  nnd  properly  focused.  Ihe  eye-piece  is 
removed  Hilda  condsoslng  lens  inaerted  over  the  lower  iiicol  It  ia  Impor'jint  to  use  a 
relatively  higb-power  Cbjective.  It  is  ulso  possible  lu  see  axial  Hgiires  wiihoiit  i-emoving 
tbe  eye-plece  by  Dsing  a  magiiifytt]^  glam  iibove  tbe  lalter.  Cf.  Klein.  Jb.  Min.,  Beil.-Bd 
3,  5*1,  198C;  also  Bertrand,  Bull.  Boc.  Miu.,  1.  23.  96.  1878;  3.  87.  1880. 

f  Unlnilal  crystals  which  produce  circular  polarlzatlou  Pihihit  no  axial  Interference- 
figure  (Fig.  3  of  Ibe  plnte  referred  to  above)  which  differs  somewhnt  from  that  deecrilied, 
as  noied  in  ArL  S86.    Some  anomalies  are  meatloned  later.    (Art.  411.) 
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to  a  series  of  concentric  rings,  light  and  dark  in  monochromatic  light,  bat  in 
ordinary  light  showing  the  successive  colors  of  the  spectrum.  The  phenomenon 
is  closely  analogous  to  that  of  the  Newton's  rings  mentioned  in  Art.  313.  A 
cone  of  converging  rays  passes  through  the  crystal  and,  having  traversed  the 
second  nicol,  each  i9  divided  into  two  rays  with  common  vibration -planes,  but 
one  of  them  (the  ordinary  ray  in  positive  crystals)  slightly  retarded  with 
reference  to  the  other.  When  the  amount  of  retardation  is  equal  to  a  whole 
wave-length  (supposing  monochromatic  light  to  be  employed)  the  effect  of  the 
interference  is  to  destroy  the  light,  and  the  plane  section  of  the  cone,  or  circle, 
appears  dark.  Other  dark  rings  are  seen  at  distances  which  correspond  to  a 
retardation  of  2,  3,  4  .times  a  wave-length.  If,  however,  the  retardation 
amounts  to  a  half  wave-length  or  an  odd  multiple  of  this,  the  two  rays  unite 
to  strengthen  each  other  and  give  rise  to  a  light  ring.  If  ordinary  white 
light  is  employed,  the  relations  are  similar,  but  the  retardation  cones  overlap 
because  of  the  different  values  of  the  refractive  indices  (i.e.,  velocities)  for 
the  different  wave-lengths,  and  the  series  of  colored  circles  is  the  result. 

The  distance  of  each  successive  ring  from  the  center  obviously  depends 
upon  the  birefringence,  or  the  difference  between  the  refractive  indices  for 
the  ordinary  and  extraordinary  ray,  and  also  upon  the  thickness  of  the  plate. 
The  stronger  the  double  refraction  and  the  thicker  the  plate,  the  smaller  the 
angle  of  the  light-cone  which  will  give  a  certain  amount  of  retardation,  or, 
in  other  words,  the  nearer  the  circles  will  be  to  the  center.  Further,  for  the 
same  section  the  circles  will  be  nearer  for  blue  light  than  for  red,  because  of 
their  shorter  wave-length.  When  the  thickness  of  the  plate  is  considerable^ 
only  the  black  brushes  are  distinctly  seen. 

361.  Determination  of  the  Refractive  Indices. — A  single  prism  suffices  for 
the  measurement  of  the  indices  of  refraction,  oo  and  e,  with  the  refractometer. 
Further,  its  edge  may  be  either  parallel  to  the  verticai  axis  or  at  right  anglea 
to  this  direction.  Such  a  prism  yields  two  images  of  the  slit,  one  correspond- 
ing to  the  ordinary  and  the  other  to  the  extraordinary  ray,  and  for  each  the 
angle  of  minimum  deviation  is  to  be  determined,  that  is,  the  angle  6  in  the 
general  formula  of  Art.  304.  Which  of  the  two  rays  corresponds  to  the 
ordinary  and  which  to  the  extraordinary  ray  ban  be  easily  distmguished  by 
means  of  a  nicol,  the  position  of  whose  vibration-plane  is  known.  This  will 
extingaish  that  ray  whose  vibrations  take  place  in  a  plane  at  right  angles  to 
its  own  vibration-plane. 

362.  Other  Methods  for  Determining  the  Eefraotive  Indices. — The  method 
of  total  reflection  (Arts.  303  and  325)  may  also  be  employed  to  determine  the 
values  of  co  and  e.  The  section  taken  of  a  uniaxial  crystal  has  its  surface 
most  conveniently  parallel  to  the  vertical  axis.  It  is  so  placed  that  the  direc- 
tion normal  to  the  optic  axis  is  horizontal.  The  light  is  here  separated  inta 
two  rays,  having  separate  limiting  surfaces,  and  with  a  nicol  prism  it  is  easy 
to  determine  which  of  them  corresponds  to  the  vibrations  parallel  and  perpen- 
dicular, respectively,  to  the  optic  axis. 

Again,  it  is  possible  to  obtain  the  refractive  indices  with  considerable 
accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances  between 
the  black  rings  in  the  interference-figures  as  seen  in  homogeneous  light.  The 
relation  between  these  distances  and  the  optical  "axes  of  elasticity*'  was 
established  by  Neumann  (Pogg.  Ann.,  33,  257, 1834).  Bauer  has  also  developed 
the  same  method  as  applied  to  uniaxial  crystals,  and  employed  it  in  the  case 
of  brncite  (Ber.  Ak.  Berlin,  1877,  704,  and  1881,  958). 

With  the  polarization-microscope  the  most  simple  method  is  that  of  the 
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Dake  de  Chaulnee,  explained  in  Art,  326;  this  requires,  howeter,  that  the  two 
quantities  measured  should  be  determined  with  a  considerable  degree  of 
accuracy,  if  the  result  is  to  be  more  than  au  approximation,  (Cf.  further, 
Rosonbusch,  Mlkr,  Phys.,  p.  155  e(  seq.,  1692.) 

363.  Determination  of  the  PcnltiTe  or  Negative  Character. — The  most 
obvious  way  of  determtuiug  the  character  of-  the  double  refraction  (e  >  lu  or 
(»  >  e)  is  to  measure  the  refractive  indicoa  in  accordance  with  the  principlee 
explained  in  the  preceding  articles.  It  is  not  always  possible,  however,  to 
obtain  a  prism  suitable  for  this  purpose,  and  in  any  case  it  is  convenient  to 
hare  a  more  simple  method  of  accomplishing  the  result. 

In  the  case  of  uniaxial  crystals,  the  method  which  is  practically  the  most 
simple  is  that  suggested  by.  Dore — the  use  of  a  cleavage  plate  of  muscovite  of 
such  thickness  thai  the  two  rays  in  passing  through  suffer  a  difference  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this.  It  is  often 
called  a  quarter-undulation  plate  (see  Art.  822). 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  nicols  in  the  polariacope;  the  black 
cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now,  while 
the  given  section  occupies  this  position,  the  mica  plate  be  placed  over  it,  with 
the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction  marked 
by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibration -planes  of 
the  nicols.  The  interference-figure  is  completely  transformed.  The  colored 
rings  are  broken  by  two  more  or  less 
distinct  hyperbolic  brushes  which  pass 
through  two  black  spots  near  the  center, 
while  the  rings  in  the  corresponding 
quadrants  are  pushed  out  from  the 
center,  and  in  the  two  remaining 
pushed  in. 

If  now  the  line  joining  the  two 
dark  spots  is  at  right  angles  to  the  axial 
plane  of  the  mica  {shown  in  the  figures 
by  the  arrow)  the  crystal  under  experiment  is  opposite  in  refractive  character 
to  the  mica,  that  is,  positive  (Fig.  539) ;  if  this  line  coincides  with  axial  direc- 
tion, the  crystal  is  like  the  mica,  negative  (Fig.  530), 

364.  With  Itie  niici'owope  tbe  bbove  inetbod  may  aIso  be  employed,  the  mica  plate, 
usually  \n  tbe  foim  of  a  narrow  strip  whose  eloDgatlon  la  [bat  of  tbe  plane  of  the  optic 
RXC8.  beibg  introduced  llirougb  a  allt  in  the  tube  between  tbe  secUon  and  the  analyzer. 
Here,  however,  tbe  field  of  view  is  smaller  tlian  in  Ibe  polariscope,  and  tbe  black  dots  are 
not  always  disliuclly  observed  ;  tills  Is  particularly  true  If  the  section  be  very  tUln  or  tbe 
mlDenil  of  low  blrefriDgeoce.  In  such  cases  a  seleniie  plate  Is  conveniently  employed. 
This  U  Dt  such  thickness  as  to  give  a  red  of  the  t1r«t  order,  and  the  directlou  tit  elongation 
usually  cnrre»;)Onds  ti>  the  mis  a  (Art.  37S).  The  plate  Is  inserted  Id  tbe  tube  wirh  its  axes 
loctined  45°  to  tlie  vibmiloQ-plaiies  of  the  olcols.  This  serves  to  Increase  tbe  remrdatlon 
betweeQ  the  two  rays  traversing  the  sections  in  two  alternate  quadrants  and  1o  diminish  this 
in  tbe  others ;  the  effect  beiug  shown  by  the  rise  or  fnll  oT  the  [nterference-coloi's,  as  com- 
pared with  the  usual  scale  {Art.  320),  For  exnmple.  two  blue  areas  'second  iirderl  may  be 
seen  in  two  opposite  quadruutn  and  two  yellow  (Srst  order)  in  tbe  olheis  Tbe  blue  areas 
here  correspond  in  position  to  tbe  black  dots  in  Figs.  539  and  530  ;  hence  If  the  line  jdining 
tbem  is  tmnsverse  to  Ibat  of  the  axis  (a)  of*the  seienite  plale  the  mineral  is  positive  :  if  It 
coincides  wiih  It  the  mineral  is  negative, 

365.  Absorption  Phenomena  of  TTuiazial  Crystals.  Dichroism. — In  uniaxial 
crystals  it  has  been  seen  that  there  are  two  distinct  values  for  the  velocity  of 

place  parallel  or 
y  exert  different 


light  transmitted  by  them,  according  as  the  vibrations  take  plac 
at  right  angles  to  the  vertical  axis.     Similarly  the  crystal  may  e 
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degrees  of  absorption  upon  the  rays  transmitted  by  vibrations  in  these  two 
directions.  For  example,  a  transparent  crystal  of  zircon  looked  through  in 
the  direction  of  the  vertical  axis  appears  of  a  pinkish-brown  color,  while  iu 
a  lateral  direction  the  color  is  asparagus-green.  This  is  because  the  rays 
(extraordinary)  yibrntmg parallel  to  the  axis  are  absorbed  with  the  exceptiou 
of  those  which  together  give  the  green  color,  and  those  vibrating  laterally 
(ordinary)  are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  du'ection  of  the  vertical  axis  are 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis,  is  absorbed,  while 
light-colored  varieties,  looked  through  laterally,  are  transparent,  for  the  extraor- 
dinary ray,  vibrating  parallel  to  the  axis,  is  not  absorbed;  the  color  differs  iu 
different  varieties.  Thus  all  uniaxial  crystals  may  be  dichroic  or  have  two 
distinct  axial  colors. 

The  absorption-colors  are  most  satisfactorily  investigated  by  examining:  a 
section  cut  parallel  to  the  vertical  (optic)  axis  under  the  microscope  provided 
with  a  single  polarizing  nicol.  The  light  that  passes  through  the  section  is 
then  that  corresponding  to  vibrations  coinciding  with  the  known  vibration- 
plane  of  the  nicol,  and  as  the  section  is  rotated  90°,  both  the  two  axial  colors 
are  observed  in  succession.  Eeferences  to  some  important  papers  on  this  sub- 
ject are  given  on  p.  219. 

Ad  instrument  called  a  dicJiroicope,  contrived  by  Hiiidit)ger.  !s  sometimes  used  for 
examining  this  property  of  crystals.  An  oblong  rhombohedron  of  Iceland  spnr  bus  a  glass 
prism  of  18°  cemented  to  each  extremity.  It  is  placed  in  a  metallic  cylindrical  case,  as  in 
ibe  figure,  baviug  u  convex  lens  at  one  end,  and  a  square  bole  at  tbe  otber.    On  looking 
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tbrougb  it,  tbe  s^^utire  bole  appears  double;  one  image  belongs  to  tbe  ordinary  and  the 
•otlier  to  tbe  extruordimiry  ray.  Wbeu  a  pleocbroic  crystal  is  examined  with  it  l)y  trans- 
mitted light,  on  revolving  it  tbe  two  squares,  at  intervals  of  90**  in  tbe  revolution,  have 
tiiffereiit  colors,  corresponding  to  the  vibration-planes  of  ihe  ordinary  and  extraordinary 
ray  iu  calcite.  Since  the  two  images  are  situated  side  by  side,  a  very  slight  difference  of 
•color  is  perceptible. 

366.  Circular  Polarization. — The  subject  of  elliptically  polarized  light  and 
circular  polarization  has  already  been  briefly  alluded  to  in  Art.  323.  This 
phenomenon  is  most  distinctly  observed  among  minerals  in  the  case  of  crystals 
belonging  to  the  rhombohedral-trapezohedral  group,  that  is,  quartz  and  cinnabar. 

It  has  been  explained  that  a  section  of  an  ordinarv  uniaxial  crvstal  cut 
normal  to  the  vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for 
every  position  between  crossed  nicols.  If,  however,  a  similar  section  of  quartz, 
say  1  mm.  in  thickness,  be  examined  under  these  conditions,  it  appears  dark 
in  monochromatic  light  only,  and  that  not  until  the  analyzer  has  been  rotated 
so  that  its  vibration-plane  makes  for  sodium  light  an  angle  of  24°  with  that  of 
the  polarizer.  In  other  words,  this  qng,rtz  section  has  rotated  the  plane  of 
polarization  (i.e.,  the  vibration-plane  normal  to  it)  some  24°,  and  here  either 
to  the  right  or  to  the  left,  looking  in  the  direction  of  the  light.  The  amount 
of  this  rotation  increases  with  the  thickness  of  the  section,  and  as  the  wave- 
length of  the  light  diminishes  (for  red  this  angle  of  rotation  for  a  section  of 
1  mm.  is  about  19°,  for  blue  32°).    The  direction  of  the  rotation  is  to  the  right 
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or  left,  as  defined  above — according  as  the  crystal  is  crystallographically  right- 
handed  or  left-handed  (p.  83). 

If  the  same  section  of  quartz  (cut  perpendicular  to  the  axis)  be  viewed, 
between  crossed  nicols  in  converging  polarized  light,  it  is  found  that  the  inter- 
ference-figure differs  from  that  of  an  ordinary  uniaxial  crystal.  The  central 
portion  of  the  black  cross  has  disappeared,  and  instead  the  space  within  the 
inner  ring  is  brilliantly  colored.*  Furthermore,  when  the  analyzing  nicol  is* 
revolved,  this  color  changes  from  blue  to  yellow  to  red,  and  it  is  found  that  iin 
some  cases  this  change  is  produced  by  revolving  the  nicol  to  the  right y  and  in 
other  cases  to  the  left;  ilie  first  is  true  with  right-handed  crystals,  and  the 
second  with  left-handed.  If  sections  of  a  right-handed  and  left-handed  crystal 
are  placed  togetiier  in  the  polariscope,  the  center  of  the  interference-figure  is 
occupied  with  a  four-rayed  spiral  curve,  called,  from  the  discoverer,  A  try's 
spiral.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of  the  combina- 
tion of  right'  and  left-handed  individuals  (according  to  the  Brazil  law)  which 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed. 
Twins  of  this  species  also  not  infrequently  show  Airy's  spirals  in  the  polariscope. 

C.  Biaxial  Crystals. 
General  Optical  Relations, 

367.  Principal  Eefractive  Indices. — All  crystals  of  the  third  or  anisometric 
class,  that  is,  those  of  the  orthorhombic,  monoclinic,  and  triclinic  systems,  are 
optically  biaxial.  In  the  directions  of  the  optic  axes  there  is  a  single  value 
only  for  the  light  velocity,  but  in  other  directions  f  a  light-ray  is  separated  into 
two  rays  propagated  with  different  velocities ;  that  is,  it  suffers  double 
refraction. 

The  study  of  biaxial  crystals  shows  that  there  are  two  directions  withiD 
them  at  right  angles  to  each  other,  corresponding  to  which,  as  vibration -axes,, 
the  refractive  indices  have  respectively  a  minimum  {a)  and  a  maximum  value 
(y)  for  the  given  substance.  Further,  in  a  third  direction  at  right  angles  to 
each  of  those  just  named,  the  refractive  index  has  a  certain  intermediate  value, 
related  to  the  others  by  a  simple  mathematical  Inw.  These  three  rectangular 
directions,  or  ether-axes,  are  properly  axes  of  vibration,  and  the  three  corre- 
sponding refractive  indices  determine  the  rate  of  this  transverse  vibration  and 
hence  the  velocity  of  the  light-ray  which  corresponds  to  each  of  them.     The 

values  of  the  velocities  are  respectively  proportional  to  -,  -5,  -. 

The  indices  a,  /tf,  y  are  called  the  principal  refractive  indices  for  the  given 

substance.     The  mean  refractive  power  is  given  by  their  arithmetical  mean, 

cf  -\~  3  -4-  V 
viz., -.    Further,  the  difference  between  the  greatest  and  least  index, 

y  —  a,  measures  the  birefringence  or  strength  of  the  double  refraction. 

368.  Optical  Structure  of  Biaxial  Crystals.— It  is  found  further  that  the 
optical  structure  of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid  having 
as  its  axes  the  three  lines  mentioned  in  the  preceding  article  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to  the  indices  <r,  ft,  y.  This 
indeed  would  be  inferred  (following  Fresnel)  from  the  analogy  of  uniaxial 
crystals.     The  position  of  the  axes  named,  or,  in  other  words,  the  symmetry  of 

*  Very  tbin  sectioDS  of  quartz,  however,  show  (e.g.,  with  the  microscope)  the  dark  cross 
of  au  ordinarv  uniaxial  crystal. 

f  On  the  distioction  between  the  primary  and  the  secondary  optic  axes,  see  Art.  871. 
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this  ellipsoid,  is  such  as  to  correapond  to  the  general  crystallographic  symmetry 
of  the  cryBtal.  For  example,  to  repeat  the  statement  already  made  (Art.  348), 
in  the  ortkorhombiv  i^ysteai  the  axes  of  this  ellipsoid  coincide  in  direction  witb 
the  crystallographic  axes.  In  the  monoclinic  system,  one  of  them  coincides 
with  the  axis  of  crygtallo graphic  symmetry  (i),  the  other  two  lie  in  the  plane 
of  symmetry,  that  is,  in  the  plane  of  the  crystal lographic  axes  ri  and  i.  In  the 
triclinia  system  there  is  no  necessary  connection  between  the  position  of  the 
ether-axes  and  the  crystallographic  axes. 

869.  Indioatrix. — It  may  be  shown,  as  is  done  by  Fletcher,  that  the  ellipsoid 
mentioned,  whose  axes  repre- 
^"-  ^^*'  sent  in  magnitude  the  three 

principal  refractive  indices, 
"*■  A  Y  (where  a  <  ^  <  y), 
not  only  exhibits  the  charac- 
ter of  tne  optical  symmetry, 
but  also  serves  to  represent 
the    direction,    velocity    and 

Rlane  of  polarization  of  h 
eht-ray  in  any.  direction 
whatever,  precisely  analogous 
to  the  spheroid  mentioned  on 
p.  19(i.  See  Fig.  533  (from 
(3roth),  also  Figs.  518,  519. 
That  is,  for  the  two  rays 
having  any  direction,  as  Or 
in  the  plane  of  the  axes  AA, 
(JC  (Fig.  534),  the  velocities 

will  be  pixiportional  to  w^^ 

1  jr^  I  —  -3)  respectively,  and  the  planes  of  polarization  will  be  perpen- 
dicular to  these  lines.  From  the  equation  of  this  index-ellipsoid,  called  by 
Fletcher  the  indicalrix  (see  Art,  395),  it  is  possible,  as  shown  by  the  author 
named,  to  deduce  by  ordinary  analytical  methods  the  mathematical  expression 
for  the  wiive -surface,  the  position  of  the  two  seta  of  optic  axes  (later 
explained),  etc. 

One  important  relation  appears  at  once  from  a  first  stndy  of  this 
ellipsoid.  Obviously  for  two  definite  positions  of  transverse  planes  passing 
through  the  center  {SS,  S'S',  Fig,  533),  these  positions  depending  upon  the 
relative  values  of  a  and  v,  the  croas-sections  will  be  c/rdfs  each  having  a 
radius  equal  to  the  index  p,  intermediate  in  value  between  a  and  y;  similarly 
all  sections  parikllel  to  these  are  also  circles.  Hence,  light  propagated  lu  a 
direction  normal  to  these  planes,  that  is,  by  vibrations  lying  in  them,  will 
suffer  no  double  refraction^and  after  the  analogy  of  uniaxial  crystals  these 
directions  are  called  optic  axes;  they  are  the  primari/  optic  axes  mentioned  in 
Art,  371. 

370.  Wave-surface.— Following  out  the  analogy  of  uniaxial  crystals, 
Fresnel  deduced  the  now  generally  accepted  "wave-surface"  for  biaxial 
crystals.  That  it  gives  correctly  the  law  of  tne  varying  refractive  indices  (that 
is,  of  varying  light-velocity)  in  a  biaxial  crystal  has  been  demonstrated  by 
the  agreement  between  the  requirements  of  the  theory  and  the  resalts  of 
experiment. 

The  form  of  the  sections  of  this  wave-surface  witb  the  three  rectangular 


and 
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axial  planes  are  easily  deduced  by  very  elementary  considerations,  though  the 
full  analytical  development  is  most  satisfactorily  derived  from  the  equation  of 
the  indicatrix  as  shown  by  Fletcher. 

First  consider  the  section  of  the  wave-surface  for  the  transverse  plane  of 
the  axes  AB  (Fig.  533).  Light  passing  in  the  direction  of  the  axis  A  A  will 
be  separated  into  two  rays;  for  one  of  these  the  line  of  transverse  vibration 
mrill  correspond  to  tiie  axis  CC,  and  hence  its  rate,  or,  in  other  words,  the 

Telocity  of  the  ray  itself,  will  be  proportional  to  -.  For  the  second,  the  direc- 
tion of  transverse  vibration  will  be  that  of  the  axis  BB^  and  its  rate,  that  is, 
the  velocity  of  the  ray  itself,  will  be  proportional  to  ^.     Let  these  values  be 

represented  in  Fig.  535  by  Oc'  (=  -J  and  Ob  f  =  -^J.     Again,  m  the  directioa 

■of  the  axis  BB,  there  will  be  two  rays  whose 
vibration-directions  are  respectively  parallel  to 
the  axes  A  A  and  CC,  and  their  velocities  in 

the  direction  of  BB  proportional  to  —  and  — 

respectively.  Let  these  be  represented  by  Oa 
and  Oc.  For  some  other  direction  in  the  same 
plane,  there  will  be  two  rays,  one  of  whose 
Tibration-directions  corresponds  to  CC,  and  its 

Telocity  to  ~,  represented  in  Fig.  533  by  Oc", 

-while  for  the  other  there  will  be  an  intermediate 

Tibration-direction  and  a  velocity  between  —  and 

— ,  and  it  can  be  shown  (after  the  analogy  of 

uniaxial  crystals  and  as  proved  by  experiment) 

that  this  value  is  given  by  the  line  Or  in  the  ellipse  whose  major  and  minor 

axes  {On  and  Ob)  are  -  and  -.     Hence  the  circle  cc'  represents  the  section  of 

the  wave-surface  for  the  rays  in  the  given  plane,  whose  vibration-direction 

Kjorresponds  to  the  axis  CC,  and  the  velocity  to  the  constant  value  -.     While 

for  other  rays  the  vibration-directions  change  from  A  A  to  BB,  and  the  velocity 

from  -  to  -^. 
aft 

The  ray  propagated  by  vibrations  in  the  direction  of  the  axis  CC,  which 
has  the  constant  velocity  -,  that  is,  the  ray  whose  wave-front  in  this  cross- 
section  is  a  circle,  is  called  the  ordinary  ray,  since  on  refraction  it  remains  in 
the  plane  of  incidence.     The  other  ray,  whose  velocity  varies  with  the  direction 

from  —  to  -5,  is  called  the  extraordinary  ray. 

Again,  take  the  plane  of  the  axes  BC  (Fig.  533).  Whether  the  direction 
of  the  light  be  that  of  B  or  of  C,  or  any  intermediate  line  in  the  same  plane, 
there  will  be  in  each  position  one  ray  whose  vibration-direction  is  that  of  the 
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axis  A,  and  wboBe  Telocity  is  hence  expressed  by  -;  for  it  the  sBction  of  the 
wave-surface  will  be  a  circle.  For  the  other  ray,  if  parallel  to  B,  the  vibmtion- 
direction  will  be  that  of  the  axis  C,  and  its  Telocity  is  represented  by  -.  If 
it  is  parallel  to  C,  its  vibration -direction  is  that  of  if,  and  its  velocity  is  given  by 
—.     As  in  the  other  case,  iutermediate  Talues  will  be  given  by  the  ellipse 


B37. 


haTing  -^  and  —  for  its  major  and  minor  axes.    The  combined  section  of  the 

wave-surfuce  is  shown  in  Fig.  536.    Here  also,  the  ray  with  the  constant  velocity 

-  is  called  the  ordinary  ray;  the  other  is  the  extraordinary  ray. 

For  the  third  plane,  that  of  the  axes 
A  C,  one  ray  will  always  have  as  its 
Tibration -direction  that  of  the  axis  B, 
and  its  Telocity  will  hence  be  eipreseed 

by  -=-.  For  the  other  ray,  if  parallel  to 
A,  the  Tibration -direction  is  that  of  C, 
and  the  velocity  is  expressed  by  -.  If 
parallel  to  C,  the  vibration  direction  is 
that  of  A  and  the  Telocity  - ,  and  simi- 
larly for  intermediate  positions.  The 
section  of  the  wave-snrfuce  coiiBtrnoled 
from    these    values    is    given    in    Fig. 


537.   Ilere  the  circle  IradinB  = 


I  cnta 


the   ellipse   at    the   points   PP,   P'P'. 
The    complete  wave-surface,    of   which 
the    three    axial    sections    are    given   in 
Figs.   535,  536,  and   537,  can  be  constiucted,  but  it  is  not  easy  to  form  a. 


CHARACTERS   DEPENDING   UPON   LIGHT. 


207 


639. 


complete  knowledge  of  the  form  without  having  a  model  in  hand.     Some  idea 
of  it  may  be  gathered  from  Fig.  538. 

371.  Primary  and  Secondary  Optic  Axes. — It  has  already  been  briefly 
stated  (Art.  367)  that  there  are  two  directions,  namely,  those  normal  to  the 
circular  cross-sections  of  the  indicatrix  {SS,  S'S',  Fig.  533)  in  which  the  light 

is  propagated  by  transverse  vibrations  of  like  rate  ( —J.  Hence  in  these  direc- 
tions in  a  crystal  there  is  no  double  refraction  within  the  crystal;  nor  is  there 
when  the  my  emerges.  U'hese  two  directions  bear  so  close  an  analogy  to  the 
optic  axes  of  a  uniaxial  crystal  that  they  are  also  called  optic  axes,  and  the 
crystals  here  considered  are  hence  named  biaxial.  In  Fig.  537,  these  optic 
axes  have  the  direction  SS,  S'S'  normal  to  the  tangent  planes  //,  t't',  and 
the  direction  of  the  external  wave  is  given  by  the  normal  Sc  (Fig.  539). 

Properly  speaking  the  directions  mentioned  are  those  of  tne  primary  optic 
ares,  for  there  are  also  two  other  somewhat  analogous  directions,  PF, 
P'P',  of  Fig.  537,  called  for  sake  of  distinction  the  secondary  optic  axes. 
The  properties  of  the  latter  directions  are 
obvious  from  the  following  considerations. 

In  the  section  of  the  wave-surface  shown 
in  Fig.  537  (also  enlarged,  in  Fig.  539), 
corresponding  to  the  axial  plane  AC,  it  is 

seen  that  the  circle  with  radius  Ob  l-=  -^^ 

intersects  the  ellipse  whose  major  and  minor 

axes  are  Oa  f  =  -J  and  Oc  f  =  -J  in  the  four 

points  P,P,  P',P\  Corresponding  to  these 
directions  the  velocity  of  propagation  is  obvi- 
ously the  same  for  both  rays.  Hence  within 
the  crystal  these  rays  travel  together  without 
double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays 
(for  the  tangent  for  one  ray  is  represented  by 
mm  and  for  the  other  by  nn.  Fig.  539)  they 
do  suffer  double  refraction  on  emerging;  in  fact,  two  external  light-waves  are 
formed  whose  directions  are  given  by  the  normals  P/i  and  Pv,  These 
directions,  PP,  P'P',  therefore  nave  a  relatively  minor  interest,  and  whenever, 
in  the  pages  following,  optic  axes  are  spoken  of,  they  are  always  the  primary 
optic  axes,  that  is,  those  having  the  directions  SS,  S'S'  (Fig.  537),  or  OS, 
Fig.  539.*  In  practice,  however,  as  remarked  in  the  next  article,  the  angular 
variation  between  the  two  sets  of  axes  is  usually  very  small,  perhaps  1^ 
or  less. 

872.  Interior  and  Exterior  Conical  Befraction.— Tlic  tiingent  plnne  to  the  wave-surface 
dmwij  normal  to  the  line  0-S  through  the  point  -S*(Fig  589)  may  be  shown  to  meet  it  in  a 
small  circle  on  whnse  circumference  lie  tlie  points  5  and  T.  This  circle  is  the  bjise  of  the 
interior  cone  of  rays  B01\  wiiose  remarkable  properties  will  be  briefly  hinted  at.  If  a 
section  of  a  biaxial  crystal  be  cut  witli  its  faces  normnl  to  08,  those  parallel  mys  belonging 
to  a  cylinder  having  this  circle  as  its  base,  incident  upon  it  from  without,  will  Ik:  propagated 
withiu  as  the  cone  ^7'.  Conversely,  rays  from  wiihin  corresponding  in  position  to  the 
surface  of  tliis  cone  will  emerge  para/2«/  and  form  a  circular  cylinder.  This  phenomenon 
is  called  interior  conical  refraction. 


*  Fletcher  calls  the  primary  axes  binormaU,  the  secondary  axes  hiradiaU, 
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On  the  other  linDcl,  !f  a  section  be  cut  with  its  faces  normal  to  OP,  those  rays  having 
the  direction  of  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  be 
propagated  within  parallel  to  OP,  and  emerging  on  the  other  surface  form  without  a  similar 
•cone  on  the  other  side.    This  phenomenon  is  culled  exterior  conical  refraction. 

In  the  various  tigures  given  (585-539)  ihe  relations  are  much  exagirerated  for  the  sake 
of  clearness;  in  pnictice  the  relatively  small  difference  between  the  indices  of  refraction 
a  and  y  makes  this  cone  of  small  angular  size,  rarely  over  2"*.  For  example,  with  sulphur, 
which  has  very  strong  double  refraction  (y  —  a  =  0*20 ;  compai-e  the  values  given  in  Art. 
^69  and  Art.  882),  the  values  of  a,  fi,  y  for  yellow  sodium  light  were  measured  by 
Schrauf  as  follows : 

a  =  1-95047.  fi  =  2  08883,  y  =  2  24052. 

373.  Axes  of  Elasticity. — As  intimated  in  Art.  368^  Fresnel  appears  to  have 
deduced  the  wave-surface  of  biaxial  crystals,  as  it  is  here  called  following 
him,  by  a  generalization  from  that  accepted  for  the  more  simple  uniaxial 
•crystals.  Tne  explanation  of  the  observed  phenomena,  attempted  by  him,  was 
based  upon  the  assumption  that  the  varying  velocity  of  light  shown  by  the 
Tarying  values  of  the  refractive  indices  depended  upon  the  variable  tlasticity 
of  the  ether  within  the  crystal.  Since,  as  stated  on  p.  160,  it  seems  better  not 
to  insist  upon  this  hypothesis  and  since^  further,  it  is  possible  to  describe  all 
the  phenomena  without  attempting  to  explain  the  properties  of  the  ether 
upon  which  the  ultimate  values  of  the  pulses  depend  which  manifest  them- 
jselves  as  light-waves,  all  mention  of  elasticity  nas  been  thus  far  avoided. 

These  "axes  of  elasticity "  are  of  great  con- 
*^*  venience  in  describing  tne  optical  properties 

of  crystals,  and  it  is  hence  necessary  to  make 
frequent  use  of  them.  They  are  uniformly 
represented  by  the  letters  a,  b,  c,  where 
a  >  b  >  c  as  shown  in  Fig.  540,  and  where 

further  it  is  true  that  a  :  b  :  c  =  —  :  -tt  :  — , 

a     fi      f 

a,  ft,  y  being  the  three  principal  refractive 
indices  {a  <  fi  KyY  The  throe  axes  as  given 
in  Fig.  540  then  nave  the  direction  of  the 
three  ellipsoidal  axes  (Fig.  533) ;  the  maximum 
value  of  the  elasticity,  a,  corresponds  to  the 
minimum  value  of  the  observed  refractive  index  a,  and  this  in  turn  cor- 
responds to  the  maximum  velocity  of  a  ray  propagated  perpendicular  to  the 
plane  of  the  axes  a  and  b  by  vibrations  naving  a  direction  parallel  to  this 
•axis  a;  similarly  for  the  axes  b  and  c 

Whenever  in  this  work  the  axes  a,  b,  c,  which  may  be  simply  called  the 
•ether-axes,  are  spoken  of  in  describing  the  optical  characters  of  crystals,  it 
is  to  be  understood  that  they  have  tne  directions  indicated,  corresponding 
respectively,  as  just  explained,  to  the  ellipsoidal  axes;  moreover,  their  relative 
magnitude  is  expressed  as  follows:  a  >  b  >  c. 

374.  Bisectrices,  or  Mean-lines. — As  shown  in  Art.  371,  the  optic  axes 
always  lie  in  the  plane  of  the  axes  a,  y  of  the  indicatrix  (that  is,  of  tne  ether- 
axes  a  and  c);  tnis  is  called  the  optic  axial  plane  (or  briefly,  dx,  pL).  The 
value  of  the  optic  axial  angle  is  known  when  the  values  of  the  refractive 
indices,  a,  /3,  y,  are  given,  as  stated  in  the  next  article.  That  axis  (cf.  Fi^. 
539,  also  Figs.  541,  542)  which  bisects  the  acute  angle  of  the  optic  axes  is 
called  the  acute  bisectrix,  or  fij'st  mean-line,  and  that  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix,  or  second  mean-line. 

The  acute  bisectrix  is  often  represented  by  Bx^,  the  obtuse  bisectrix  by  Bx^ 
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If  the  word  bisectrix  is  used  alone  without  special  qualification  it  is  always  to 
be  understood  as  referring  to  the  acute  bisectrix. 

375.  Relation  of  the  Axial  Angle  to  the  Refractive  Indices. — If  in  a  given 
case  the  v^dues  of  a,  fi^  and  y  ^^®  known,  the  value  of  the  interior  optic  axial 
angle  (*^  V)  can  be  calculated  from  them  by  the  following  formulas: 


008 'F  =  - 


1_ 


a' 


or   tan*  F  = 


a' 


J^ 
^ 


1' 


376.  Positive  and  Negative  Cry stala.— Biaxial  crystals  are  distinguished  as 
optically  positive  (+)  or  negative  (—)  after  a  manner  analogous  to  the  usage 
with  uniaxial  crystals.  Referring  to  Fig.  533  of  the  ellipsoid,  and  also  to  Fig. 
539,  it  will  be  obvious  at  once  that  for  certain  relative  values  of  the  indices, 
4X,  p,  y,  the  interior  optic  axial  angle  must  be  90"".    In  other  words,  in  this 


Positive  Crystal,  Bxa  =  c. 


Negative  Crystal,  Bxa  =  a. 


case  the  planes  of  the  optic  axes  will  be  equally  inclined  to  the  two  planes  of 
the  ether- axes.  Such  a  case,  however,  is  rare  in  practice,  and  when  it  occurs 
it  is  true  for  light  of  a  certain  color*  (wave-length)  only,  and  not  for  others. 


•For  danburite  2F=  89'  14'  for  greeu  (thallium)  and  90'  14'  for  blue  (CuSO*). 
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Roughly  expressed,*  the  optic  axes  will  lie  nearer  to  c  than  to  a — that  is, 
c  will  be  the  bisectrix — when  the  value  of  the  intermediate  index,  /^,  is  nearer 
that  of  a  than  to  that  of  y.  Such  a  crystal,  for  which  Bx^  =  c,  is  called  optically 
positive.  It  is  obvious  (cf.  Fig.  541)  that  in  this  case,  as  the  angle  diminishes 
and  becomes  nearly  equal  to  zero,  the  form  of  the  ellipsoid  then  approaches 
that  of  the  prolate  spheroid  of  the  positive  uniaxial  crystal  as  its  limit  (Fig. 
521,  p.  195);  this  shows  the  appropriateness  of  the  +  sign  here  used. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  a  than  to  c— that  is,  a  will 
be  the  bisectrix — if  the  value  of  the  mean  index  (i  is  nearerf  to  that  of  y  than 
to  that  of  a.  Such  a  crystal,  for  which  Bx^  =  a,  is  called  opticallt/  negative. 
It  is  seen  that  in  this  case  (Fig.  542)  the  smaller  the  angle  the  more  the 
ellipsoid  approaches  the  oblate  spheroid  of  the  negative  uniaxial  crystal 
(Fig.  520,  p.  195). 

The  following  are  a  few  examples  of  positive  and  negative  biaxial 
crystals : 

Positive  (+).  Negative  (-). 

Sulphur.  Aragonite. 

Enstatite.  Hypersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

Chrysolite.  Epidote. 

Albite.  Axinite. 

# 

377.  Dispersion  of  the  Bisectrices. — In  certain  cases  the  ether-axes  of  Fig. 
533  may  have  different  positions  in  the  crystal  for  different  colors;  that  is,  for 
different  wave-lengths.  This  is  true  of  the  two  axes  which  lie  in  the  plane  of 
symmetry  of  a  monoclinic  crystal,  and  of  all  the  tiiree  axes  in  a  triclinic 
crystal.  This  results  in  a  phenomenon  which  is  often  called  the  dispersion  of 
the  bisectrices,  and  which,  if  pronounced,  is  always  manifest  in  the  axial 
interference-figures,  as  explained  beyond. 

378.  Dispersion  of  the  Optic  Axes.— Further,  since  the  three  refractive 
indices  may  have  different  values  for  the  different  colors,  and  as  the  angle  of 
the  optic  axes  is  determined  b^  these  three  values  (Art.  375),  the  axial  angle 
may  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  light  of  different  wave- 
lengths is  called  the  dispersion  of  the  optic  axes,  and  the  two  extreme  cases 
are  distinguished  by  writing  p>  v  when  the  angle  for  the  red  rays  (p)  is 
greater  than  for  the  blue  (violet,  v),  and  p  <  v  when  the  reverse  is  true. 
These  cases  are  illustrated  later. 

Examination  of  Biaxial  Crystals  in  Polarized  Light. 

379.  Sections  in  Parallel  Polarized  Light.  Extinction-angle. — A  section  of 
a  biaxial  crystal  appears  dark  between  crossed  nicols  when  its  vibration-planes 
coincide  with  the  vibration-planes  of  the  nicols.     In  any  other  position  of  the 

♦  tan  F  =  45*  and  2  F  =  90  for  a  value  of  fi  given  by  the  equation 

J_  _  -L  -  i_  _  J 

f  To  compare  Figs.  542  and  520,  tbe  liorizontil  axis  of  tbe  former  should  be  placed  in  a. 
vertical  position;  tbat  is,  the  axis  A  A  of  Fig.  520  corresponds  to  c  of  Fig.  643, 
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When  the  TibrUaoD-pbrnes  of  %.  crrstai^sectioTi  coincide  in  diTts'^tttNrj  with 
the  plajies  of  its  ciystallograpiiac  axes,  ihe  exiiTjciioTi  i^  s*id  \<s  W  ft^^vfiuri  ,  if 
not,  it  is  called  Miqve  or  inrh'fn^^  On  the  practical  dctcrwi^>aUvMi  \Nf  the 
extinctionHiireetions  seie  Ans.  S80  and  SM, 

380.  Dftpf  JMtiflB  «f  Ike  SitiBedn-dirMtiMS  witk  tke  KerMMi^  tn 
the  use  of  the  naicrosoope,  in  cases  to  which  the  methtvi  of  the  ^t4ilo\vi^vjH*  i* 
not  applicable,  instesad  of  depending  a}x>n  the  ^^mewhat  wncert^n  <v!^tiw;iito  t\t 
the  point  of  maxiinnm  light-«itinciion,  a  ct^nvenient  wav  i^s  to  emplov  a  |\U^ti;* 
of  quartz,  which  for  a  certain  position  of  the  an,*ily3cer  ijWs  the  tteld  a  tint  of 
color  (a  purplish  pink),  to  slight  changes  in  which  the  eve  i$  very  x<\M\!iilix^\ 
When  the  section  is  revolved ^n  the  stage  till  it  has  prwiiH^lv  the  ?^^«^e  \\\\\  ^ti 
the  surrounding  field,  its  vibration-planes  are  those  of  the  on\^«-hjiir!»  \\\  the 
eyepiece  (supposing  the  lower  nicol  has  the  normal  {>tvsiiion)»  atul  tr\\\\\  the 
graduation  of  the  stage  their  position  in  the  section  i'^aw  l>o  at  o»uh*  doternuned* 

Instead  of  the  quartz,  a  plate  of  seletiite  (Art.  364)  of  such  a  thioktu'Sit  tin 
to  give  the  red  of  the  first  onler  is  often  eniployinK  the  tuooU  heit^jf  on>sstHl» 
When  this  plate  is  inserted  as  usual,  the  crvstaUsect  ion  can  have  tho  natnrt 
color  only  on  condition  that  its  vibration -direct  ions  coincide  with  tln>*»e  of  the 
nicols;  hence  their  crystallographic  orientation  in  the  section  i«  tvadily  detei^ 
mined  and  with  considerable  accuracy. 

A  still  more  delicate  method  involves  the  use  of  tlic /ftrfnimf  cVM/nr  Thin  him  four 
sectors  of  quartz  nut  ±  h:  two  of  these,  diaf^inally  o|>|>o»iio.  an*  from  n  rl^hl  Immtotl,  llu» 
other  p:iir  from  a  left-lmuded  crysljil.  Whfii  the  diamctrrs  in  whirli  Iho  norior*  nu'rl  ooln* 
cide  wi'h  the  vibration-directions  of  the  two  crossed  nicols,  Iho  two  palr«  of  quMilmnlM  Imvi* 
precisely  Ihe  same  color;  any  change  of  position,  however,  of  lhi»  upper  nlcol  I'aunow  Ihrm 
to  assume  tints  complementary  to  each  other. 

Assuming  now  the  nicols  to  be  crossed  and  in  the  normal  poKition,  if  a  iierilon  of  11  doubly 
refractiui^  mineral  be  introduced  on  the  stage  of  the  microHCopt*.  tin*  quadrniMN  in  ^<Mit*ral 
take  unlike  linls  and  are  brought  to  the  sainc  color  as  before  only  when  by  \\\v  rnv«ilution 
of  ihe  stage  the  vibratioD-directions  of  the  section  are  made  to  c*>rrr«i>ond  pn»clM»ly  to  ihtmo 
of  the  crossed  nicols,  that  is,  of  the  diameters  of  the  ocular.  Tho  adJUMtmunt  onii  bo  made 
in  this  case  with  great  accuracy. 

381.  Relation  of  the  Vibration-directions  to  tht  Ethtr-tZM.— In  tho  inoit 
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general  case,  for  any  section  whatever,  the  relation  between  the  vibration- 
planes  and  the  ether-axes  is  highly  complex.*  A  common  special  case  is 
where  the  section  is  parallel  to  one  of  the  ether-axes;  this  then  fixes  one 
vibration-plane,  and  the  other  will  obviously  be  at  right  angles  to  it.  A  still 
more  special  case  is  that  of  a  section  parallel  to  the  plane  of  two  of  the  ether- 
axes;  these  axes  then  at  once  fix  the  directions  of  light- vibration  and  conversely; 
or,  in  other  words,  these  directions  being  determined  by  observation,  the  posi- 
tion of  the  axes  in  the  crystal  section  is  known  from  them. 

The  practical  application  of  the  above  relations  depends  upon  the  crystallo- 
graphic  orientation  of  the  ether-axes,  and  is  spoken  of  later  under  the  different 
systems. 

382.  Color  of  a  Section  in  Parallel  Polarized  Light.— The  interference-color 
of  the  section  under  examination  depends,  as  before  explained,  upon  its  thick- 
ness and  upon  the  birefringence;  the  latter  varies  with  the  orientation  of  the 
section,  but  is  a  maximum  (equal  to  y  ^  a)  if  the  section  is  cut  parallel  to  the 
axes  a  and  c,  that  is,  parallel  to  the  plane  of  the  optic  axes.  In  any  case  for  a 
given  thickness  the  interference-color  will  depend  upon  the  difference  between 
the  refractive  powers  of  the  two  vibration-directions.  For  sake  of  illustration, 
the  following  table  is  added  (from  Kosenbusch)  giving  the  thickness  of  section 
for  a  few  biaxial  crystals  which  yield  red  of  the  first  order,  with  also  their 
maximum  birefringence  {y  —  a). 

BirefriDgeDce  Thickness  in 

ty  —  a),  millimeters. 

Brookite 0-158  0-00349 

Muscovite 0-042  0-01312 

Epidote 0-037  0-01490 

Augite 0-022  0-02505 

Gypsum 0-010  0-05510 

Orthoclase 0-008  0-06887 

Zoisite 0-006  0-09183 

Further,  it  may  be  noted  that  with  a  section  of  epidote  16  (010).  wliile  a  thickness  of 
about  0*015  mm.  gives  red  of  the  first  order,  one  of  0028  gives  red  of  the  second  order, 
and  of  0*042  red  of  the  third  order. 

383.  Determination  of  the  BirefHngence  with  the  Microscope.— The  value 
of  the  maximum  birefringence  {y  —  a)  is  obviouslv  given  at  once  when  the 
refractive  indices  are  known.  It  can  be  approximately  estimated  for  a  section 
of  proper  orientation  and  of  measured  thickness  by  the  comparison  of  the 
interference-color  with  the  table  referred  to  in  Art.  320,  p.  178.  This  is  on 
the  assumption  that  the  thickness  is  such  as  to  yield  a  tint  of  readily  recog- 
nized position  in  the  interference-scale.  To  which  order  a  given  interference- 
color  belongs  can  be  readily  determined  by  the  compensation  method  involving 
the  use  of  the  quartz-wedge  or  the  mica-wedge  of  Fedorow  (Art.  384). 


*  Tlie  variation  in  directions  of  extinction  with  change  of  the  orieutatiou  of  the  section 
under  examination  is  chiefly  interesting  in  the  microscopic  study  of  rock-sections.     It  is 


minces"  (Paris,  1894,  1896).     Cf.  also  Fedorow,  ^s.  l^ryst.,^22,'248,  1898 ;  27.  887,  1896; 
29,  604,  1898;  also  Viola,  Miu.  petr.  Miith.,  16,  481,  1895. 
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More  accurate  measurements  of  the  birefringence  can  be  made  by  otjief 
methods,  as  with  the  quartz-comparator  of  M.  Levy.* 

384.  Determination  cf  the  Relative  Befractive  iowev. — The  relative  refracr 
tive  power  of  the  two  vibration-directions  in  a  thin  section  is  readily  deter- 
mined with  the  microscope  (in  parallel  polarized  light)  by  the  method  of  com- 
pensation. This  is  applicable  to  any  section,  whatever  its  orientation  and 
whether  uniaxial  or  biaxial.  Practically,  however,  it  is  chiefly  employed  wheu 
the  section  is  parallel  to  the  plane  of  two  of  the  ether-axes;  it  then  serves  to- 
determine  the  relative  magnitude  of  these  axes.  If  the  position  of  either  bisec- 
trix in  the  section  is  known,  it  also  serves  to  determine  whether  the  crystal  is 
optically  positive  or  negative.  In  practice  a  mica-plate  or  selenite-plate  may  be 
used  with  very  thin  sections;  or  with  thicker  ones  a  quartz- wedge  or  the  excellent 
mica- wedge  of  Fedorow.f  The  section  under  examination  must  be  placed  so 
that  its  vibration-directions  make  an  angle  of  45"^  with  those  of  the  crossed 
nicols;  the  ^undulation  mica  or  selenite-plate  is  then  inserted.  The  change 
in  the  interference-colors  is  noted,  and  again  after  the  stage  has  been  revolved 
90°.  In  the  case  where  the  effect  of  the  compensating  plate  is  to  raise  the 
interference-color  in  the  scale  the  retardation  of  the  section  is  added  to  that  o£ 
the  plate;  for  this  position  the  plate  and  section  are  then  alike  in  optical 
character.  In  the  case  of  a  fall  of  color  the  plate  diminishes  the  retardation  due 
to  the  section;  obviously  for  this  position  they  are  opposed  in  optical  character. 

For  thicker  sections  placed  in  position  as  before  with  vibration -directions  in- 
clined 45°  to  those  of  the  crossed  nicols,  the  quartz-wedge  or  mica-wedge  is. 
employed.  This  is  advanced  across  the  field  until  a  thickness  is  reached  which 
serves  to  make  the  given  section,  previously  colored,  dark,  that  is,  to  bring  it 
sensibly  to  extinction.  The  optical  character  of  the  plato  and  section  are 
now  opposed,  and  in  fact  just  balanced  against  each  other.  By  observing  the 
position  of  the  section  the  relative  value  of  the  refractive  power  is  given. 

A  crystal-section  is  said  to  have  positive  elongation  if  its  direction  of  ex- 
tension approximately  coincides  with  the  ether-axis  c ;  if  with  a  the  elongation^ 
is  negative.  The  same  terms  are  also  used  in  general,  according  to  the  relative- 
refractive  power  of  the  two  directions. 

385.  Determination  of  the  Refractive  Indices. — The  values  of  the  three 
refractive  indices,  or,  /?,  y^  for  biaxial  crystals,  may  be  determined  from  three 
prisms  cut  with  their  refracting  edges  parallel  respectively  to  tlie  three  axes^ 
a,  b,  and  c,  corresponding  to  the  indices  or,  fty  y,  respectively.     See  Art.  304. 

It  is  possible,  however,  to  obtain  the  values  of  a,  /3,  and  y  by  the  use  of 
two  prisms;  in  this  case  one  of  the  prisms  must  be  so  made  that  its  vertical 
edge  is  parallel  to  one  axis,  while  the  line  bisecting  its  refracting  angle  at  this 
edge  is  parallel  to  a  second.  In  the  case  of  such  a  ])ri8m  the  angle  of  minimum 
deviation  is  obtained  for  both  rays,  that  having  its  vibrations  parallel  to  the 

f>rism-edge,  and  that  vibrating  at  right  angles  to  this,  that  is,  parallel  to  the 
ine  bisecting  the  prismatic  angle. 

Of  the  three  indices  the  mean  index,  /3,  is  one  which  it  is  most  important 
to  determine,  since  by  means  of  it,  in  accordance  with  the  formulas  in  Art. 
389,  the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 

♦  See  M.  Levy.  Bull.  Soc.  Min..  6.  143,  1883;  also  Levy-Lacroix.  Min.  Roclies.  p.  54 
etseg  :  Rosenbnjwli,  Mikr.  Phys  .  p   \^^etsfq. 

t  This  coMsisis  of  s!rii>sof  J  undulation  mica,  overlappinpr  stpp-liko  and  nil  placed  with 
their  axial  planes  (»'.«.,  the  axis  c)  in  n  common  line  coinciding:  with  the  direction  of  elonga- 
tion. Insertetl  between  crossed  nicols.  the  axis  c  mnkinir  an  nnijh'  of  45"  with  their 
vibration-planes,  it  >dves  a  series  of  areas  of  interference-colors  whose  position  in  the  scale- 
is  ai  once  obvious  (ArU  320).     See  Fedorow.  Zs.  Kryst.,  26,  349,  1895. 
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in  air.  The  prism  to  give  the  value  of  §  should  obviously  have  its  refracting 
tjdge  parallel  to  the  axis  b^  that  is,  at  right  angles  to  the  plane  of  the  optic 
Axes. 

The  other  methods*  alluded  to  on  pp.  180,  181  may  also  be  applied  here. 
For  the  method  by  total  reflection  the  sections  should  be  cut  normal  to  the 
acute  bisectrix.  This  will  give  by  actual  observation  the  values  of  a  and  y^ 
and  if  "lEy  the  apparent  axial  angle  in  air,  is  known,  then  fiy  the  mean  index, 
can  be  calculated. 

386.  Interference-figure  for  a  Section  Normal  to  an  Optic  Axis. — A  section 
cut  perpendicular  to  either  optic  axis  will  show,  in  converging  polarized  light, 
a  system  of  concentric  rings  analogous  to  the  concentric  circles  of  uniaxial 
crystals,  Fig.  526,  but  more  or  less  elliptical  in  shape.  There  is,  moreover,  no 
black  cross,  but  a  single  black  line,  which  revolves  as  the  section  is  turned 
around  on  the  stage. f 

387.  Interference-figures  for  Sections  Normal  to  a  Bisectrix. — If  a  section  of 
A  biaxial  crystal,  cut  perpendicularly  to  the  acute  bisectrix,  is  viewed  in  the 
-conoscope  (p.  181),  two  types  of  characteristic  interference- figures  are  observed, 
according  to  the  position  of  the  optic  axial  plane  relative  to  the  vibration-planes 
of  the  crossed  nicols. 

First,  suppose  that  the  plane  of  the  axes  coincides  with  the  vibration-plane 
■of  one  of  the  crossed  nicols;  an  unsymmetrical  black  cross  is  then  observed, 
and  also  a  series  of  elliptical  curves,  surrounding  the  two  centers  and,  finally 
uniting,  forming  a  series  of  lemniscates.  If  monochromatic  light  is  employed', 
the  rings  are  alternately  light  and  dark;  in  white  light  each  ring  shows  the 
successive  colors  of  the  spectrum.  If  one  of  the  nicol  prisms  be  revolved,  the 
-dark  hyperbolic  brushes  gradually  become  white,  and  the  colors  of  the  rings 
take  the  complementary  tints  after  a  revolution  of  90°. 

The  smaller  the  axial  angle  the  nearer  together  are  the  oval  centers  and 
the  more  the  interference-figure  resembles  the  simple  cross  of  a  uniaxial 
<;rystal.  On  the  other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are 
far  apart,  and  may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the 
polariscope.  When  this  is  not  the  case  a  micrometer  scale  in  the  polariscope, 
Fig.  514,  p.  182,  allows  of  an  approximate  measurement  of  the  axial  angle, 
the  value  of  each  division  of  the  scale  being  known. 

A^ain,  suppose  that  the  plane  of  the  axes  makes  an  angle  of  45*"  with  the 
Tibration-planes  of  the  crossed  nicols;  two  black  hyperbolas  are  then  noted, 
marking  the  position  of  the  axes;  further,  there  is  a  system  of  curves  similar 
to  those  described  before. 

Both  of  these  fi.^ures  are  well  exhibited  on  the  plate  forming  the  frontis- 
piece (Fiffs.  3rt  and  3ft).  The  one  gradually  changes  into  the  other  as  the  crys- 
tal-section  is  revolved  in  the  horizontal  plane,  the  nicols  remaining  stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
exhibits  the  same  figures  under  the  same  conditions  in  polarized  light, 'when 
tiie  angle  is  not  too  large.  This  is,  however,  generally  the  case,  and  in  conse- 
quence the  axes  suffer  total  reflection  (Art.  303)  on  the  inner  surface  of  the 
section  and  no  axial  figures  are  visible.  This  is  sometimes  the  case  also  with 
a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large.    (See,  also, 


♦  Becke  bas  piven  a  simple  method  for  determining  approximately  the  relative  refractive 
power  of  two  adjacent  minerals  {e.g.,  quartz  and  a  certain  kind  of  plagioclase)  io  thin  sectioos. 
Ber.  Ak.  Wien.  102  (1),  July,  1893.     See  also  Viola,  Min.  petr.  Mitth.,  16,  150.  18»6. 

f  On  the  special  phenomena  of  sections  of  biaxial  crystals  cut  normal  to  an  optic  axis. 
in  parallel  and  converging  polarized  light,  see  Kalkowsky,  Zs.  Kryst.,  9,  486,  1884. 
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iArt.  389.)  The  peculiarities  in  the  interference- figures  due  to  the  dispernioQ 
•of  the  optic  axes  and  that  due  to  the  dispersion  of  the  bisectrices,  or  both 
together,  are  alluded  to  later. 

388.  The  explanation  of  the  biaiis.1  interference -figures — most  simply 
understood  for  the  first  case  mentioned — ie  analogous  to  that  for  the  analogous 
phenomenon  of  the  uniaxial  crysUls  (Art.  860),  The  arms  of  the  black  cross 
mark  the  directions  in  which  the  light-rays,  which  are  sensibly  normal  to  the 
section,  are  extinguished,  since  tiie  vibration-planes  of  the  nicols  coincide  with 
those  of  the  section.  The  dark  ellipses  and  ieniniscate  curves  seen  in  mono- 
chromatic light  are  due  to  the  interference  of  the  two  rays  produced  by  the 
double  refraction  of  the  section  and  referred  back  to  a  common  vibration-piane 
by  the  polarizer.  This  interference  takes  place  when  the  retardation  of  one 
rav  relatively  to  the  other  is  equal  to  half  a  wave-length,  ^A,  or  to  f  A,  jA,  etc. 
The  intermediate  light-spaces  correspond  to  a  sinular  retai'dation  of  a  whole 
wave-length,  A,  or  2A,  3A.  etc.  When  ordinary  light  is  employed  there  is 
■complete  extinction  only  in  the  direction  of  the  vibration- planes  of  the  nicols, 
and  the  curves  become  colored  rings  showing  the  prismatic  colors.  The 
uumber  of  colored  rings  noted  in  the  field  of  view  increases,  and  their  distance 
from  the  axial  centers  and  from  eacn  other  grows  less  as  the  thickness  of  the 
plate  is  increased,  and  also  as  the  strength  of  the  double  refraction  is  greater. 
If  the  plate  is  very  thick,  only  the  black  cross  may  be  distinctly  visible. 

389.  Heasurement  of  the  Axial  Aiigle.^Tbe"determination  of  the  angle 
made  by  the  optic  axes  is  ordinarily  accomplished  by  use  of  the  instrument 
^hown  in  Pig,  544.  The  section  of  the  crystal,  cut  at  right  angles  to  the 
bisectrix,  is  held  in  the  pincers  at  p,  with  the  plane  of  the  axes  horizontal,  and 


making  an  anrie  of  45°  with  the  vibration-plane  of  the  nicols.  There  is  a 
crosB-wire  in  toe  focns  of  the  eyepiece,  and  aa  the  pincers  holding  the  section 
«re  turned  by  the  sorfiw  at  the  top  (here  omitted)  one  of  the  axes,  that  is,  one 
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black  hyperbola,  is  brought  in  coincidence  with  the  vertical  cross-wire,  and 

then,  by  a  further  revolution,  the  second. 
Tlie  angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off  at 
the  vernier  on  tiie  graduated  circle  above,  is 
the  apparent  angle  ior  the  axes  of  the  given 
crystal  as  seen  m  the  air  {^iica  =  "ZE,  Fig. 
545).  It  is  only  the  apparent  angle,  for,  on 
pasijing  from  the  section  of  the  crystal  to 
•■*•  the  air,  the  true  axial  angle  is  more  or  less 
increased,  according  to  the  refractive  power 
of  the  given  crystal.  The  relation  between 
the  real  interior  angle  and  the  measured 
angle  is  given  below. 

If  the  axud  angle  is  so  large  that  the 
axes  suffer  total  reflection,  oil  *  or  some  other 
liquid  with  higher  refractive  power  is  made  use  of,  into  which  the  axes  pass 
when  no  longer  visible  in  the  air.  In  the  instrument  described  a  small  recep- 
tacle holding  the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the 
pincers  holding  the  section  are  immersed  in  this  and  the  angle  measured  a» 
before. 

In  the  majority  of  cases  it  is  only  the  acMte  axial  angle  that  it  is  practicable 
to  measure;  out  sometimes,  especially  when  oil  (or  other  liquid)  is  made  use 
of,  the  obtuse  angle  can  also  be  determined  from  a  second  section  normal  to 
the  obtuse  bisectrix. 

11  B  =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  545), 
na=   "         "  "  "        "      in  oil. 


ff.= 


(( 


« 


semi-obtuse  angle  in  oil. 


Va  =  the  real  (or  interior)  semi-acute  angle, 

Fo  =   "      "      "        "        semi-obtuse  angle, 
n  =  refractive  index  for  the  oil  or  other  medium, 
/3  =  the  mean  refractive  index  for  tlie  given  crystallized  substanoe, 
the  following  simple  relations  connect  the  various  quantities  mentioned: 

Bin  E  =  n  sin  Hal    sin  ^o  =  ^  si"  -^a;    sin  Vo  =  -7\  sin  Ho. 

These  formulas  give  the  true  interior  angle  (2V)  from  the  measured 
apparent  angle  in  air  {2E)  or  in  oil  (2//)  when  the  mean  refnwtive  index  (fi} 
is  xnown. 

Instead  of  the  oil,  carbon  disulphide  with  a  refractive  index  of  1*6442  for 
iV>/(Wy)  may  be  employed  ;  or  the  solution  of  mercuric  io<]ide  in  potassium 
iodide,  whose  refractive  index  (iVa)  is  1  •  7170.  The  axial  angle  measured  in  the 
latter  is  usually  represented  by  2K.  Methyl  iodide  may  also  be  used,  since  its 
refractive  index  is  also  high;  for  it  tiy  =  1*74GG.  The  axial  angle  in  this  case 
Is  called  2M. 

Another  modified  form  of  axial  instrnment  (ihn  AdamsSebneider)  inclosrs  the  secHort 
In  a  sphere  of  glass  which  can  be  turni^d  iit  the  proi^r  angle  ;  for  this  the  axial  nnirle  h20. 
The  ndvHDtti^es  *>f  thi**  instniraent  consist  in  ibf  fart  tliat  the  field  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  placini^  the  section  in  any  desired  p«)8ition  relatively  Ut  the 


*  A'mond-oil  which   has    been   decolorized   by  exposure  to  the    light  is    oomnioiiljr 
employed ;  its  refractive  index  is  about  1'46. 
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axis.  Moreover,  tbe  nDgle  measured  is  tbe  apparent  angle  for  tbe  gliiss  of  whicb  ibe  lenses 
are  made,  so  tbat  tbe  axes  are  visible  iu  cuses  wbere  tbis  would  not  be  tbe  case,  because  of 
totiil  retlection,  eillier  iu  air  or  in  oil. 

890.  Axial  Angle  Measured  with  the  Mieroteope. — Tbe  microscope,  witb  eyepiece  removed 
and  coudeusiug  Icus  (or  lenses)  a(i< led  above  the  lower  uicol,  ofteu  serves  to  sbow(witb  suit- 
able bi^b-|K>wer  objective)  the  axial  interfereuce-figures  iu  very  thin  sections  with  only  tbe 
limitniiuns  belonging  to  the  instrument  (see  p.  199).  Bertraud  *  has  shown  that  hy  tbe 
addition  of  a  simple  |)iece  of  apparatus  tbe  axial  angle  can  be  measured  witb  fair  accuracy. 
Furlber,  a  very  convenient  apparatus  for  Ibis  object  has  been  devised  by  Kb-in.  Agidn, 
by  the  caiefui  measurement  of  the  linear  distance  between  tbe  two  hyperbolas  tbe  axial 
augle  cau  be  calculated  as  shown  by  Mallard. f 

391.  Determination  of  the  Positive  or  Negative  Character  of  Biaxial  Crystals. 

— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  ether-axis  corresponding  to  the  index  y^  is  the  acute 
bisectrix,  the  crystal  is  o\il\cMy  punitive ;  if  a,  the  ether-axis  corresponding  to 
a  J  is  the  acute  bisectrix,  the  crystal  is  optically  negative]  as  explained  in  Art. 
376  and  illustrated  by  Figs.  541,  542,  this  relation  follows  from  the  values  of 
the  refractive  indices. 

There  are,  however,  more  simple  methods  of  determining  the  character  by 
experiment.  The  quarter-undulation  mica  ^>late  may  be  eniployed  just  as  with 
uniaxial  crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial 
divergence  is  quite  small.  In  this  case  it  can  be  used  to  advantage,  the  plane 
of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with  the  vibra- 
tion-plane of  one  of  the  nicols.  VVith  tiie  microscope  the  selonite  plate  may  be 
employed  after  a  manner  similar  to  that  explained  m  Art.  364. 

392.  The  more  general  method  is  the  employment  of  a  thin,  wedge-shaped 
piece  of  quartz;  this  is  so  cut  that  one  surface  coincides  with  the  direction  of 
the  vertical  axis,  and  the  other  makes  an  angle  of  4°  to  6°  with  it.  By  this 
means  a  wedge  of  varying  thickness  is  obtained.  The  section  to  be  examined, 
cut  normal  to  the  acute  bisectrix,  is  brought  between  the  crossed  nicols  of  the 
polariscope  (Fig.  513),  and  with  its  axial  plane  making  an  an^le  of  45°  with 
the  polarization-plane  of  the  nicol  prisms;  that  is,  so  that  the  black  hyperbolas 
are  visible.  The  quartz-wedge  is  now  introduced  slowly  between  the  section 
examined  and  the  analyzer,  firsty  in  a  direction  at  right  angles  to  the  axial 
plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the  plate  investi^ted ;  and 
second,  parallel  to  the  axial  plane,  that  is,  in  the  direction  of  the  line  joining 
the  hyperbolas.  In  one  direction  or  the  other  it  will  be  seen,  when  the  proper 
thickness  of  the  quartz-wedge  is  reached,  that  the  central  rings  appear  to 
increase  in  diameter,  at  the  same  time  advancing  from  the  center  to  the 
extremities 

The  effect,  in  other  words,  is  that  which  would  have  been  produced  by  the 
thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the  first  case 
when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is,  to  the  obtuse 
bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite  sign  to  the  quartz, 
that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute  bisectrix  positive.  If 
the  mentioned  change  in  the  interference-figures  takes  place  when  the  axis  of 
the  quartz  is  at  right  angles  to  the  axial  plane,  then  obviously  the  opposite 
must  be  true  and  the  acute  bisectrix  is  negative.    This  method  of  investigation 

♦  Bertmnd.  Bull.  Snc.  Min..  3.  97.  1880;  see,  also,  Nachet,  ibid.,  10,  186,  1887;  Klein, 
Ber.  Ak.  Berlin.  01.  1895     Al^i  re^'reiic^s  in  p.  199. 

t  MallHrd,  Bull.  Soc.  Miii.,  6,  77,  1882 ;  tbis  last  method  is  explained  by  RoaenbuBcb, 
Vikr.  PbTs.,  194. 1892. 
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can  be  applied  even  in  cases  where  the  axitU  angle  is  too  large  to  appear  in 
the  air. 

The  same  effects  may  hz  obtained  by  briQgiu^  an  ordinary  quartz  section 
of  greater  or  less  thickness,  cut  normal  to  the  axis,  between  the  aualyzei-  and 
the  crystal  examined,  and  then  inclining  it,  first  in  the  direction  of  the  axial 
plane,  and  again  at  right  angles  to  it. 

The  method  of  determining  the  optical  character  in  thin  sections  in  parallel 
polarized  light  is  mentioned  in  Art.  384. 

393.  Absorption  Phenomena  of  Biaxial  (hystalB.  Fleochioiun.^ Biaxial 
crystals,  corresponding  to  the  fact  that  they  have  three  principal  refractive 
indices  {tr,  fi,  y)  may  snow  different  degrees  or  kinds  of  abaorptioii  in  diffei-ent 
directions,  usually  assumed  as  those  of  the  ether-axes,  viz.,  a,  b,  c.  The  degree 
of  absorption  is  designated  a8  0>b>cora>b=c,  etc.  Furtlier,  according 
to  the  kind  of  selective  absorption,  the  crystal  may  be  dichroic  or  trichroic,  or 
better,  in  general,  pleoc/iroic/*  in  this  case  the  colors  corresponding  to  the 
vibrations  parallel  lo  the  ether-axes  are  usually  given.  It  has  been  shown, 
however,  that  the  axes  of  absorption  do  not  in  all  cases  coincide  with  the 
ether-ases. 

In  order   to   investigate  the  absorptive   properties  of  a   biaxial  crystal, 

sections  must  be  obtained  which  are   parallel   to   the  several  ether-axes,  of. 

BM.  Fig.  546.     In  an  orthorhombic  crystal  the  faces  are  those  of 

the  three  piuacoids;  in  a  monoclinic  crystal  one  side  coin- 

cides  with  tlie  clinopinucoid,  the  others  are  to  be  determined 

'in, 
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for  each  species.  Ihe  liglii  transmitted  by  this  solid,  or  by 
the  corresponding  sections,  is  examined  by  means  of  a  single 
nicol  prism.  Suppose,  first,  that  the  light  transmitted  (Fig. 
546)  in  tiie  direction  of  the  vertical  axis  is  to  be  examined. 
When  the  shorter  diagonal  of  the  nicol  coincides  with  the 
direction  of  the  axis  f,  the  color  observed  belongs  to  that  ray 
with  vibrations  parallel  to  this  direction;  when  it  coincidea 
with  the  axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  is  observed. 
In  the  same  way  the  nicol  separates  the  different  colored  rays  vibrating  parallel 
to  C  and  a  respectively,  when  tlie  light  passes  through  in  the  direction  of  b. 

So  also  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axis  0,  the  colors  for  the  rays  vibrating  parallel  to  b  and  c,  respectively,  are 
obtained.  It  is  evident  that  the  examination  in  two  of  the  directions  named 
will  give  the  three  possible  colors.  All  of  these  observations  are  readily  mads 
with  the  microscope  provided  with  one  nicol. 

For  cpidoie,  accurdiug  to  KloLu,  tlie  colors  foi-  ibe  three  axial  liirectlona  are  ■ 
.    (  VibrnllODs  parallel  lo  %.  brown  (absorbed). 
■  (         ■'  •■       "  a.  yellow. 

n   S  VibratloDB  parsllel  \n  i  ^reeo. 
'■  1  ■'  •■         '■  0,  yellow. 

Q    (V'ibralloDS  parallel  to  (.  crMD. 
'  \  "  "        "  i.  brown  ^absorbed). 

Tlie  colors  obserreil  by  ibe  eye  alone  are  Ihe  resiiltanis  of  the  double  set  of  vibration^ 
In  wliicli  the  stronger  color  predominnt«s ;  tlnw,  in  Ihe  shove  example,  the  plane  norniRl  to 
(  <8  lirowu,  lo  b  yellowish-green,  to  o  (jreeu.  In  any  o'her  direction  in  the  crystnl  the 
ftiipari'ni  oolor  is  (be  result  of  a  mixture  of  those  corresponding  to  the  three  directions  of 
vibrations  in  different  proportions. 

When  a  section  (normal  to  an  optic  axis)  of  a  crystal  characterized  by  a 
high  degree  of  color-absorption  is  examined  by  the  eye  alone  (or  with  ths 
•  Early  observations  were  made  by  Haidinger,  see  literature  below. 
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microscope)  in  strongly  converging  light,  it  often  shows  the  so-called  epoptio 
figures,'*  or  polanzal ion-brushes,  somewhat  resembling  the  ordinary  uxial 
interference- figures.  This  is  true  of  andulusite,  epidote,  iolite,  also  tourmalint> 
etc.  A  cleavage  section  of  epidote  ||(?  (001)  held  close  to  the  eye  and  looked 
through  to  a  bright  sky  sliows  the  polarization- brushes,  here  brown  on  a  green 
ground. 

J  t  is  also  to  be  noted  that  certain  strongly  absorbing  crystals  {e.g.,  biotite) 
often  show  spots  where  the  color  is  particularly  deep;  such  areas  are  some- 
times culled  pleochroic  halos. 
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Special  Optical  diaracters  of  Orthorhomhic  Crystals. 

894.  Position  of  the  Ether-axes. — In  the  orthorhombic  system,  in  accord- 
ance with  the  syniiiietry  of  tliu  crvstiillizatioji,  the  three  axes  of  the  iiidicatrix, 
that  is,  the  etlier-iixfH  n.  b,  c,  auNcifie  with  tiiu  three  crystal! ographic  axes,  and 
the  three  unlike  crystal lograpiiic  planes  of  symmetry  correspond  to  the  planes 
of  symmetry  of  the  ellii)soid.  Further  than  this,  there  is  no  immediate  relation 
between  the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as. 
has  been  stated,  the  choice  of  the  crystallographic  axes  is  arbitrary  so  far  as 
relative  length  and  position  are  concerned,  and  hence  made,  in  most  cases^ 
without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  {^r,  b,  or  e) 
appear  dark  between  crossed  nicols,  when  the  axial  directions  coincide  with 
the  vibration-planes  of  the  nicols.  In  intermediate  positions  a  section  will 
appear  liirht  (or  colored  if  of  the  proper  thickness).  Hence  such  a  section 
when  revolved  on  the  microscope  will  appear  dark  four  times. 

The  same  will  be  true  of  a  section  cut  in  the  prismatic  zone  (||  i,  the 
Tertical  axis)  or  in  the  plane  parallel  either  to  the  axis  h  or  «. 

395.  Determination  of  the  Plane  of  the  Optic  Axes.~The  plane  of  the  optic 
axes,  that  is,  of  the  axes  a  and  c,  corresponding  to  the  indices  a  and  y,  must 
be  parallel  to  one  of  the  three  pinacoids.  In  order  to  determine  in  which 
plane  the  axos  lie,  it  is  necessary  to  examine  sections  parallel  to  these 
directions.  One  of  these  will  in  all  ordinary  cases  show,  in  converging 
polarized  light,  the  interference-figure  peculiar  to  biaxijd  crystals.  It  is 
evident  also  that  two  of  the  sections  named  determine  tlio  ciiaractor  of  the 
third,  so  that  the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix 
can  be  in  practice  generally  told  from  them. 

The  position  of  the  optic  axial  plane  is  briefly  indicated  according  to  the 
pinacoid  to  which  it  is  parallel:  as,  ax.  plane  ||  ^  (100),  etc.     P'nrthor    the 

*  These  fignr"<»  nro  cillod  hnupp/>s  by  tl»c  FivmvIi  rmd  Polarisationsbune/iel  by  tlic  Gei- 
man  mlDeralogists.     Such  crystals  are  said  to  be  idiaphatiovt. 
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position  of  the  acute  bisectrix  is  described  according  to  the  pinacoid  to  which 
it  is  normal,  as  Bz^  JL  6*,  etc. 

•  396.  Dispersion  of  the  Axes.— From  the  section  showing  the  axial  figures, 
that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be  measured  in  the 
manner  which  has  been  described  (Art.  389).  If  it  is  practicable  to  determine 
also  the  obtuse  axial  anc;le  from  a  second  section  normal  to  the  obtuse  bisec- 
trix, the  true  axial  angle  (2  V)  and  also  the  mean  refractive  index  (fi)  can 
then  be  calculated. 

There  is  further  to  be  determined  the  dispersion  of  the  axes  (see  Art.  378). 
Whether  the  axial  angle  for  red  rays  is  greater  or  less  than  for  blue  (p  >  v, 
or  p  <  v)  can  be  often  seen  immediately  from  the  axial  interference-figure  in 
the  colored  plate  (f rontispiecej ;  it  is  obviously  true,  from  Fig.  3flr,  as  also 
Fig.  3&,  that  the  angle  lor  the  blue  rays  is  greater  than  that  for  the  red 

(p  <  v),  and  so  in  general.  This  same  point 
is  also  accurately  determined,  of  course,  by 
the  measured  angle  for  the  two  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  optic  axes  is  symmetrical  with 
reference  to  each  bisectrix.  In  Fig.  547,  the 
dispersion  of  the  axes  is  illustrated,  where 
p  <  v;  it  is  shown  also  that  the  lines  B'B* 
and  B'B*  bisect  the  angles  of  both  red 
(pOf)')  and  blue  (vOo')  rays.  It  also  needs 
no  further  explanation  that  for  a  certain 
relation  of  the  refractive  indices  of  the 
different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse 
bisectrix  for  the  angle  for  blue  rays.  This  is  true,  for  example,  in  the  case  of 
the  species  danburite,  as  already  noted  (p.  209). 

397.  Eefractive  Indices,  etc. — The  determination  of  the  refractive  indices 
and  the  character  (+  or  — )  of  the  acute  bisectrix  is  made  for  orthorhombic 
crystals  in  the  same  way  as  for  all  biaxial  crystals.  It  is  merely  to  be 
mentioned  that,  since  the  ether-axes  always  coincide  with  the  crystallographic 
axes,  it  sometimes  happens  that  crystals,  without  artificial  preparation,  furnish, 
in  their  prismatic  or  dome  series,  prisms  whose  edges  are  parallel  to  these 
axes,  and  consequently  at  once  suitable  for  the  determination  of  the  indices  of 
refraction.  This  is  often  true,  for  example,  with  topaz.  It  must  be  noted, 
however,  that  if  the  refractive  angle  is  too  large,  the  refracted  ray  will  not 
emerge  (see  Art.  303),  the  limit  being  when  the  angle  of  the  prism  is  equal  to 
twide  the  critical  angle. 

Special  Optical  Characters  of  Monoclinic  Crystals, 

398.  Position  of  the  Ether-axes  and  Optic  Axial  Plane. — In  crystals 
belonging  to  the  monoclinic  system  one  of  the  ether-axes  always  coincides 
with  the  orthodiagonal  axis  J,  and  the  other  two  lie  in  the  plane  of  symmetry 
at  right  angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  ether -axes,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  dispersion  of  the  bisectrices 
(Art.  377).    This  dispersion  arises  from  the  fact  that,  while  the  position  of 
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'One  axis  is  fixed,  the  position  of  the  other  two  may  be  different  for  the  different 
<»>tor8  (wave-lengths),  so  that  the  bisectrices  of  the  different  colors  may  not 
-coincide, 

399.  Stauoaeope. — The  position  of  the  two  axes  in  the  plaue  ot  symmetry 
may  be  detertnined  by  nse  of  the  microscope  as  described  in  Art.  380.  A  more 
accurate  method,  applicable  in  certain  cases,  involves  the  principle  of  the 
etanroscope,  an  instrument  first  devised  by  von  Kobell  (1855*),  and  since  theD 
much  improved.  In  its  present  form  it  is  simply  the  orthoscope  of  Fig.  515 
with  a  comnosition  plute  of  calcite  inserted  at  m  in  the  upper  tube.  This 
gives  a  peculiar  interference-figure  the  form  of  which  is  altered  if  a  doubly 
refracting  section  is  placed  on  the  stage  below,  nulesa  its  vibi-ation -planes 
-coincide  with  those  of  the  crossed  nicols.  The  adjustment  which  restores  the 
normal  figure  can  be  made  with  great  preeision.  To  accomplish  this,  it  ia 
■essential  that  the  direction  of  the  known  edge  of  the  crystal  should  be 
«xactly  parallel  to  the  vibration-direction  of  one  of  the  nioola  This  condition, 
in   the  case  of  small  crystals  especially,  is  hard  543, 

to  fulfill,  and  to  accomplish  it  most  sittisfactorilr  ^,._— _^^^ 

the  holder  shown  in  Fig,  548  is  made   nse  of.  y^^ C!|^\ 

A  plate  of  glass,  v,  held  in  its  present  position  ///^^^^i^\\ 
by  a  spring,  has  one  edge  polished,  that  which  f //^P^  ^NVVv\  ' 
adjoins  «,  and  the  direction  of  this  is  made  to  fjlff  p^'^'^^TaW \ \ 
-coincide  exactly  with  the  line  joining  the  opposite  IRJiI  [■"  1  4l VjH 
zero  points  of  tne  graduation.  The  crystal  section  tTill  fc--j-'-i|  II  Mr 
Js  attached  to  this  plate  over  the  hole  seen  in  u,  V\\^i  ^—-  "Si  Jgjrj 
and  with  a  plane  of  known  cryatallographio  \\v^-.__-<^// / 
position,  either  n,  c  or  a  face  in  that  zone  (or  a  >oS^^^^^5// 

-corresponding  edge),  coinciding  with  the  direction  \^^^^" ""^y^ 

■of  the  polished  edge  of  the  plute.     Whether  this  ^ ""'^ 

■coincidence  is  exact  can  be  tested  by  the  reflecting  goniometer. 

After  the  adjustment  of  the  section  on  the  plate  v,  the  latter  is  inserted  in 
its  place,  the  whole  plate  placed  in  position  (Fig.  515),  and  the  nicols  so 
ailjiisted  that  the  vibration  plane  of  one  coincides  with  the  line  0°  to  180°. 
The  angle  of  revolution  of  the  circular  plate,  /,  is  obtained  from  the  gradu- 
ated scale  on  it. 

It  is  not  always  easy  to  make  the  adjustment  of  the  nicols  allnded  to,  bnt 
the  error  arising  when  the  vibration-plane  of  the  nicol  does  not  coincide  with 
the  line  0"  to  180°  is  easily  eliminated.  This  is  accomplished  by  removing  the 
plate  V,  and,  witliont  di«<turbing  the  crystiil  section,  restoring  it  to  its  place  in 
An  inverted  position.  The  measured  angle,  if  before  too  great,  will  now  be  aa 
much  too  small,  and  the  arithmetical  mean  of  the  two  measurements  will  be 
the  true  angle.     (Cf,  Groth,  I.  c.) 

400.  Poaition  of  the  Plane  of  the  Optic  Axes.— The  investigation  nf  a  section 
of  H  mouoclinic  crystal  parallel  to  the  plane  of  symmetry  determines  the 
position  of  the  two  ether-axes  lying  in  this  plane,  but  it  does  not  Sx  the 
relative  position  of  the  axes  a  and  c,  that  is,  the  piano  of  the  optiit  axes. 
To  solve  the  latter  point,  sections  normal  to  each  of  the  three  axes  must  be 
examined  in  converging  polarized  light,  and  one  of  them  will  show  the 
characteristic  interference-figure.  Tlie  section  parallel  to  the  plane  of 
symmetry  is  first  to  be  examined,  and  if  it  does  not  show  the  axes  even 
in  oil,  one  or  both  of  the  other  section.s  spoken  of  must  be  employed. 
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Tha  position  of  the  optic  axial  plane  is  described  aa  [  b  or  J_h  according 
as  it  is  pantUel  or  normal  to  ths  plane  of  symmetry,  that  is,  to  the  face  b  (010). 
In  the  former  case,  the  position  of  the  bisectrices  may  be  defined  according  to 
the  angle  which  the  acnte  bisectrix  (Bx,)  makes  either  with  tlie  normal  to  the 
face  a  (100)  or  that  of  c  (001)  or  with  the  TerticaJ  axis  d.     The  last  method  is 

rrticnlarly  cooTenient  since  the  direction  of  the  vertical  crystallographic  axis, 
is  that  marked  by  the  prismatic  zone  {e.ff.,  in  a  section  by  cleavage  lines), 
and  still  more  since  the  extremity  of  i  is  the  middle  point  of  the  sphere  of 
projection  (Fig.  550)  and  the  angle  is  either  -)-  (in  front,  toward  100)  or  — 
(behind,  toward  100). 

mple,  ^psum  1b  optically  positive,  hence  tlie  axis,  c,  is  the  acute  bisectrix,  Bra. 

•■■  -    '■"    • '"].  the  position  or  fin,  is  defined  bv  the  angle  Bx^  A  i  =  +  521°. 

'     "   ^rae  (001  a  100),  =  80°  42',  it  is  iilao  true  that  tbe  DorroaL 
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aoelea  between  c  or  a  and  the  planes  t,  a  are  &■  follows:  n  =  -(-  43*  IS',  at  =  +  87*  SO*, 
and  M  =  —  46°  46'.  The  positions  of  the  bisectrices  are  shown  lu  the  section  parallel  to 
b  (010)  of  Pig.  MB.  and  also  in  the  sphere  of  projection,  Pig.  550. 

SBi.  401.  Diipertion   of   the   BisectriMS. — 1.   Ikclikbd- 

DiSPKRSlOx. — In  this  first  case  the  plane  of  the 
optic  axes  is  parallel  to  the  face  6  (010);  in  other 
words,  the  two  bisectrices  (the  axes  a  and  c]  lie  in  the- 
plane  of  symmetry,  and  the  mean  axis  b  coincides  with 
the  orthoJiogonal  axis.  The  optic  axes  may  here  suffer 
a  dispersion  in  this  plane  of  symmetry,  and,  aa  already 
stated,  they  then  do  not  lie  symmetrically  with  reference 
to  the  ^ute  bisectrix.  This  is  illustrated  in  Fig.  551,  ^ 
where  MM  is  the  bisectrix  for  the  angle  rOc',  and  BB 
for  the  angle  pO(>'.  This  kind  of  dispersion  was  called 
by  Des  Cloizeaux  inclined  (dispersion  inclinee).  The- 
position  of  the  two  axial  planes  is  further  illustrated  by 
Fig.  552  (from  Schrauf),  and  corresponding  to  this  the 
axial  interference-figure,  when  the  dispersion  is  con- 
siderable,  shows  a  distribution   of  colors  illustrated  by  Figs.  4a  and  ib  of 
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the  plate  (frontispiece),  which  should  be  compared  with  the  normal  figure*. 
(FigBp  3a  and  36),  where  there  is  no  dispersion  of  the  bisectrices. 


662. 


663. 


1.  Inclined. 
Ax.  pi.  I  b  (010). 


2.  Horizontal.  8.  Crossed. 

Ax.  pi.  i.  6;  Bxo  Jl h.       Ax.  pi.  JL  6;  Bx^  i.  J.. 


2.  Horizontal  Dispersion.  In  the  second  case  the  acute  bisectrix' 
and  b  lie  in  the  plane  of  symmetry,  and  the  optic  axial  plane  is  hence- 
normal  to  it.  In  other  words,  the  plane  of  the  optic  axes  for  all  the  colors 
lies  parallel  to  the  orthodiagonal  axis,  but  these  nlanes  may  have  different 
inclinations  to  the  vertical  axis.  This  was  callea  horizontal  dispersion  hy 
Des  Gloizeanx. 

The  relative  positions  of  the  axial  planes  is  illustrated  by  Fig.  553,  and* 
the  resulting  interference-figure  is  shown  in  Fig.  5  of  the  plate. 

3.  Crossed  Dispersion.  In  the  third  case  the  obtuse  bisectrix  and  b  lie- 
in  the  plane  of  symmetry,  that  is,  the  plane  of  the  optic  axes  is  normal  to- 

this  plane  and  the  acute  bisectrix  coincides  with  the  orthodiagonal  axis  t. 
This  was   called   C7'0S8ed  dispersion  by  Des  Cloizeaux  (dispersion  tournante 
or  croisee).     The    relative    positions    of   the   axial   planes  is   illustrated  by 
Fig.  554  and  the    corresponding    interference-figure   is  shown  in  Fig.  6  of 
the  plate. 

402.  Axial  Angle,  Dispersion,  etc. — The  method  of  measuring  the  axiaf 
angle  has  been  already  explained,  and  if  this  is  determined  for  the  different- 
colors  it  will  determine  the  dispersion  of  the  axes  p^v. 

The  dispersion  of  the  bisectrices  has  been  shown  to  be  in  general 
indicated  by  the  character  of  interference-figures;  its  amount,  where  con- 
siderable, may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  refractive  indices,  the  +  or 
—  character  of  the  crystal,  etc.,  need  no  further  explanation  beyond  that 
which  has  been  already  given. 

Special  Optical  Characters  of  Tricliyiic  Crystals. 

403.  The  ciystala  of  the  triclinic  system  are  characterized  by  the  absence^ 
of  a  plane  of  crystallographic  symmetry,  the  position  and  inclination  of  the- 
axes  being  thus  arbitrary.  It  follows  from  this  that  there  is  no  necessary 
connection  between  them  ancl  the  rectangular  ether-axes.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  in  Art.  401  may  occur  in  a  single 
crystal,  and  the  interference-figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  optically  involves  consider- 
able difficulty;  in  general  a  series  of  successive  trials  are  required  to  determine- 
the  position  of  the  axes.  When  these  are  found,  the  axial  sections  can  bo 
prepared  and  the  axial  ansrle  determined,  and  the  other  points  settled  as  with 
other  biaxial  crystals.     Cf.  Fig.  341,  p.  109,  of  chalcanthite,  where  S  repre* 
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«ents  approximately  the  position  of  Bx^y  or  in  other  words  is  the  pole  or  normal 
to  the  plane  at  riglit  angles  to  the  acute  bisectrix.  On  the  general  relation 
between  the  extinction-directions,  ether-axes  and  optic  axes,  see  the  authors 
referred  to  on  p.  212, 


404.  Effect  of  Heat  upon  Optical  Characters. — The  general  effects  of  heat 
upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  convenient, 
however,  to  consider  here,  briefly,  the  changes  produced  by  this  means  in  the 
special  optical  characters.  It  is  assumed  that  no  alteration  of  the  chemical 
composition  takes  place  and  no  abnormal  change  in  molecular  structure.  The 
essential  facts  are  as  follows : 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatures.  Crystals,  how- 
ever, which  like  sodium  chlorate  (NaClO,  of  Group  5,  p.  51)  show  circular 
polarization,  may  have  their  rotatory  power  altered;  in  this  substance  it  is  in- 
creased by  rise  of  temperature. 

(2)  Uniaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  a  variation  in  the  relative  values  of  gj  and  e,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
<^cite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  but 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystaUy  the  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  axial  an^le  of  biaxial  crystals  may  be  measured  at  any  required  temperature  by  the 

use  of  a  metal  air-bath.    This  is  placed  ut  P(Fiff.  544),  aud  extends  beyond  the  insiniment 

-on  either  side,  so  ns  to  allow  of  its  being  heutedwith  gas-burners ;  a  tliermometer  inserted 

in  the  bath  makes  it  possible  to  regulate  the  tempeniturc  as  may  be  desired.    This  baih  has 

two  openings,  closeci  with  glass  plates,  corresponding  to  the  two  tul)es  carrying  the  lenses, 

4iDd  the  crystal-section,  held  as  usual  in  the  pincers,  is  seen  through  these  glass  windows. 

iSuiuible  accetsoiies  to  the  refnictometer  also  allow  of  the  measurement  of  the  refractive 

indices  at  different  temperatures. 

In  the  case  of  orthorhombic  crystals,  the  position  of  the  three  rectangular 
•ether-axes  cannot  alter,  since  they  must  always  coincide  with  the  crystallo- 
graphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,^nd 
Hence  with  them  also  the  optic  axial  angle;  indeed  a  change  of  axial  plane  or 
•of  the  optical  character  is  thus  possible. 

For  example.  Des  Cloizeaux  gives  the  following  values  for  barite :  2Er  =  63"  5'  at  13' 
C,  69*  49*  nt  95-5%  74*  42*  at  195-8'.  Further,  Arzruni  obtained  the  following  measumenta 
of  the  refractive  indices  of  the  same  species  for  the  2>  line : 

2r 

37' 28' 

88'' 48* 

40''  15' 

104")  44"  18' 

With  monoclinic  crystals,  one  ether-axis  must  coincide  at  all  temperatures 
with  the  axis  of  symmetry,  but  the  position  of  the  other  two  in  the  plane  of 
symmetry  may  alter,  and  this  with  the  possible  change  in  the  value  of  the 
refractive  indices  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  its  in  the  axial  angle. 

With  triclhiic  crystiihy  both  the  positions  of  the  ether-axes  and  the  values 
of  the  refractive  indices  may  change.  The  observed  optical  characters  may 
therefore  vary  widely. 
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CRAMACTEMB  DEPSITDnrQ   UPOK  LTOHT.  t% 

▲  ArikiDf  eziBple  of  tke  dnn^  of  optical  cbarMtert  witli  chmn|re  of  Tempemtui^  It 
farDitbed  bj  gypsam.  mt  iavMti^iitod  by  Des  Ckcsemux.  Al  ordiimrf  tempenaum^  the 
dbpendun  is  iuclioed,  tiie  axial  piaue  it  fb  and  tBr  ==  84*.  A»  tli^  lemprratore  ritf«  ihit 
^ngie  dimintsbea ;  Uiiift  at  47*.  tKr  =  7C*;  at  95%  2£;  =  88*;  aini  ai  11(i*.  ^^A:;  =::  0.  At  Uiit 
laat  tetupenitaiv  tbe  axoi  for  blue  rajs  bave  alneadj  fepnimleni  in  a |Ua»r  x  b;  at  IdU*  Um 
axes  for  red  nyt  alK>  acfmnUc  in  tb^  paiie  {±  h)  and  ibe  diaperaioQ  Iwoomos  k^nt^nuu^ 
The  motion  i(»Wftrd  the  center  of  one  re«i  axis  it  iihiiv  rt|iid  lliao  U»at  of  lb«  oibcr,  nau^ 
betwetru  dO*  and  95%  SH'  55  and  ti"  88,  rw{wcuve]y ;  lliut  Bxr  imivet  5*  88. 

Aiiotber  iniereAing  case  it  tbaU  of  glauberke.  lit  optical  cliarftcters  under  normal  con- 
editions  are  described  as  follows :  OpC  cally  —.  Ax.  pi.  1  A,  Ex«r  A  ^  =  --  81*  8*,  Bx«^ 
=  -  30'  46',  Bz«.bi  A  ^  =  -  8U*  10'.  Tbe  optical  cbaiacier  (-)  and  ibe  portion  of  tbc  axei 
of  e.aHticiijr  remain  sensibly  ooDsunt  between  0**  and  100*.  The  ax.  pi.,  however,  al  flitl 
JL  6  wiiu  borizoniAl  dispersion  nnd  v  <  p  becomes  on  ri^  of  tempenuure  |^  with  inclined 
dispersion  and  «  >  p.  The  axial  angle  acconlin^ly  diminishes  to  0*  al  a  lemperatun 
depending  upon  the  waTe-length  and  then  iDcreaset  in  the  new^  plane.  In  while  light 
tbererore,  tbe  interference-flgaret  are  abnormal  and  change  with  ritr  in  temperalurt,  Axiv 
ani^et,  Laspeyres:  _ 

yellow  (Na) 

14*  er 

11*  8' 
8*  y 
0* 

r  14' 

18*  14' 

Des  Cloizeaux  found  that  the  feldtpiiTs,  when  heated  up  to  a  certidn  |x>int,  tuffer  a 
chauge  in  tbe  position  of  tbe  axes,  and  if  tbe  licat  lieconies  grciittr  and  is  long  continued 
ibey  do  not  return  again  to  tbeir  original  position,  but  remain  altered. 

In  addition  to  the  typical  cases  referred  to,  it  is  to  be  noted  that  when  oloTa- 
tion  of  temperatare  is  connected  with  change  of  chemical  con;t)osition  wide 
•changes  in  optical  characters  are  possible.  This  is  illustrated  by  the  zeolites  and 
related  species,  where  the  effect  of  loss  of  water  has  been  particularly  investi- 
gated. 

Further,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molecular 
structure  and  with  that  a  total  change  of  optical  characlors.  For  example,  the 
greenish -yellow  (artificial)  orthorhombio  crystals  of  antimony  iodide  (Sbl,)  op 
heating  (to  about  114°)  change  to  red  uniaxial  hexagonal  crystals.  Note  also 
the  remarks  made  later  in  regard  to  the  effect  of  beat  upon  leucito  and  boracit» 
(Art.  411). 

405.  Some  Peonliaritiss  in  Axial  IntGrfersnos-flgnrts.* — In  tbo  chho  of  uniaxial  (TysttilN,  tb« 
clmrncturistic  interference-figure  varies  but  littiu  from  one  K|)ecirs  to  imoilier.  hiicIi  viiria* 
tion  as  is  observed  being  usually  duo  to  tlie  tblckness  of  tb(?  srctioii  and  tbe  l)iroriingriicc. 
In  some  cases,  however,  peculiarilies  are  noted.  For  example,  tiio  intcrfercnec-ngurC 
of  a|>opbyllite  is  somewbat  peruliar.  since  iis  birefringence  is  very  weak,  and  il  imiy  b# 
optically  positive  for  one  part  of  tiio  sp<-ctrum  and  negative  for  the  olbor. 

In  the  case  of  biaxial  crystals,  peculiarities  are  more  common.  Tbe  f(»11owing  are  soma 
typ'oal  examples : 

BrcHikite  is  optically  -f-  ^nd  tbe  acute  bisectrix  is  always  normal  to  a  (100).  Wbilo,  bow- 
ever,  the  axial  p'anc  is  ||<5  for  red  and  yclh»w,  with  2H^r  =  •'>•>.  iJ^v  =  1^0".  it  Ih  ronnnnnly 
[b  for  ereen  and  blue,  wilb  2H!gr  =  34*.  Hence  a  section  (a  i  i  tbe  conomiope  shown  t\  fl/^uro 
8om<'what  resj'mbl'ng  that  of  a  uniaxial  crystiil  but  with  four  hoIh  of  byfx'rbolie  banclH. 

Tit'inite  also  ?ives  a  peculiar  interference -figure  w'tb  colored  Iivperbohm  because  of 
Ibe  biph  color  di«por*ii>n,  p  >  v;  thus  Des  Cloizeaux  gives  2Kr  =  5.V  to  50',  2fCr  "■  VA"; 
the  'li«»|»ersion  of  the  bisectrices  is.  however,  very  small. 

Tlie  mmt  striking  cases  of  peculiar  axial  fliyures  are  affonied  by  twin  crystah  (Art.  40t). 

406.  Relation  of  Optical  Properties  to  Chemical  Gompotition. — The  cfTect  of 
rarying  chemical  composition  upon  the  optical  cliaracters  has  been  niiniifnlir 

*  Vsriations  in  the  axial  figures  embraced  under  tbe  bead  of  optical  anomalies  are  spokca 
of  later  (Art.  411). 
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Btndied  in  the  caae  of  many  Beriea  of  isomorphous  salts,  and  with  ibiportant- 
reBults.*  It  is,  indeed,  only  a  part  of  the  general  subject  of  the  relation  between 
crystalline  form  and  molecular  structure  on  the  one  liand  and  chemical  com- 
position oil  the  other,  one  part  of  which  has  been  discussed  in  Art.  302.  It 
was  shown  there  that  the  refractive  index  can  often  be  approximately  calculated 
from  the  chemical  composition. 

Among  luiueriiU.  tbe  moat  iitiporlaut  examples  of  the  lelntlou  betweeo  composllioa  and 
OptlcaJ  cliKraclers  ue  afforded  by  llie  triclluio  feldspaTS  of  tbe  albite-auortljite  series. 
Here,  as  explaiiJed  iu  deiull  In  the  ilescrlptlve  part  uf  this  work,  the  Telaiioii  is  so  close 
lliut  ttie  cuinpusltiou  of  any  iuiermedlate  member  of  this  isomorplious  group  oil  be  predicted, 
from  llie  positiuD  of  its  ether-axea,  or  more  simply  from  the  TibratioDtlirectii  us  oa  the 
fuDdameaiul  clatviige-direclious,  |e  (001)  and  \b  (UlU). 

Tbe  effect  uf  varyiug  iimounis  of  iiou  prutoiiilu  (FeO)  Is  tllustrnled  In  the  ciu'e  of  Ibe 
monoclioic  pyroxcues,  where,  for  example,  the  augle  Bx,  a  ^  is  S6°  Id  diopside  (2'9  p.  C. 
FeO)  iiud  4S-  Id  bedeubergile  (26  p.  c.  FeO).  This  Is  also  shnwii  in  the  clofelj  related. 
ortborbombic  species  of  tbe  same  group.  eoBtailtu,  AlgSiOi  with  little  iron,  and  hyperBlheue, 
;Ug,Fe}SiOi  wiib  iron  to  nearly  80  p.  c.     Wilh  Liiih  uf  these  species  the  nxml  plnne  is 

Earallel  to&(01U),  but  Ibe  former  Is  optically  +  (Bx.  =  ()Dnd  IhedlspLi-sinu  o<  o;  the  latier 
opiiciklly  —  (Bx.  =  a)  nud  disperslno  p  >  t.  In  utiier  words,  the  optic  axint  angle 
increases  ntpidly  with  the  FeO  percentage,  beinc  about  SO*  for  FeO  =  10  p.  c.  In  Ihe  case 
of  tbe  cbrysolitea,  tbe  epidotes,  the  species  triphylile  and  lithiopbilile,  aud  olhere,  analogous 
relaliuns  bave  been  miide  out 

407.  Optical  Fropartiei  of  Twin  Cryitak,— The  einminatioii  of  sections  of 
tts.  twin  crystals   of  any  other  than  tbe  isometric 

,c  system  in  polarized  light  serves  to  establish  the 

compound  character  at  ouce  and  also  to  show  the 
.  relative  orientation  of  the  several  parts.  This  is 
most  distinct  in  tbe  case  of  contact-twins,  btit  ia 
also  well  shown  with  penetration-twins,  though 
here  tbe  parts  are  usually  Dot  separated  by  a  sharp- 
line. 

Thus  the  examination  of  a  section  parallel  to- 
b  (010)  of  a  twin  crystal  of  gypsum,  of  the  type 
of  Fig.  555,  makes  it  easy  not  only  to  establish  the 
fact  of  the  twinning  but  aiso  to  fix  the  relative 
positions  of  the  ether-axes  in  tiie  two  parts.  Tho- 
measurement  can  in  such  cases  be  made  between 
the  extinction-directions  in  the  two  halves>  instead  of  between  one  of  these  and 
some  definite  crystallographic  line,  as  the  vertical  axis. 

The  polysyiitbelic  twinninff  of  certain  species,  as  the  tricllnic  feldspars,  appears  with 
great  distinctness  In  pobirlzed  light.    For  example.  In  the  case  of  a  section  of  albite,  parallel 


ft&6. 


to  tfaebHsal  cleavsge,  the  alternate  bsnds  extinguish  together 
and  assume  the  same  lint  when  tbe  quartz  section  is  inserted. 
Hence  Ibe  angle  between  these  directions  is  easily  meiisured, 
and  ibis  is  obviously  double  the  extlncllnn-nagle  made  with 
tbe  edge  b/e.     A  basal  section  of  microcline  in  Ihe  same  way 
■hows  ils  compound  twitinlnf;  nccording  to  Ivitb  the  albile  nnd 
perlcline    lnwe.    ilie   characteristic   graiiOK   structure    being  f 
clearly  revealed  in  polarizeil  light.     Fig.  5.W  of  a  section  of   f 
chondrridlle  (from  Des  Cloizenux)  shows  bow  tbe  compound    i 
■ITUCture  Is  shown  by  optirnl  examination  ;  Ibe  posilion  of  the 
ax^l  plnnd  Is  bidlraled  ui  Ibe  case  of  ihe  siicri-sslve  polysyu-    ' 
tbetic  lamellK.     The  complex  ]» n  elm  t  Inn -twins  of  right-  and 
lefl-baiided   cryslids  of  quartz   (see   Ihe   deftri  Ipllon   of    thai 
species)  also  have  tbeir  cliaracter  strikingly  revealed  In  polar 
iTed  lldit. 

Still  again,  the  true  slnicliire  of  complex  multiple  twins,  exhibiting  paeudo-eymmetiy 

■  See  a  recent  paper  by  Pockels,  Jb.  Min.,  Beil.Bd.,  8,  117.  1898. 
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iu  tlieir  eilerua]  rorm,  c»d  only  be  fully  nwde  out  in  thU  way.     TliJs  Is  illiiairated  by  Fig. 

.'1.17.  n  ImshI  seciioii  of  au  uppaTeot  bexm-minl  pyniinid  of  viiherite  (cf.  Fig.  400.  p.  138). 

Ttae  Hoalugous  Bii-sided  pjtstnid  tit  broroliie  iFig.  558]  bu  ft  Blitl  moi«  complex  siruclura, 

SS7  6S8.  S&9 


ja  sbowii 

ia  polarized  liglit. 


iir.  559.     [l£.  560  eliows  a 

■.  find  Fig  582  illusi 

Other  iltustntlious 


Bromlite  (Des  Cloizeaux). 


Art.  411.    It  will  be  imdereiooil  ibat 


Stilbite  (Lasauli). 
■the  nxial  irjlerfereiice- figures  of  twin  cryalnls,  where  the  paria  are  auperposed,  often  show 
many  |>eciiliuritie9:  tbe  Alr^  spinils  at  quuriz  (p.  208i  will  serve  as  iin  lliuatmitim. 

409.  A  particularly  interesting  case,  related  to  the  subject  diBCiuml  in  the 
preceding  article,  is  that  of  the  special  properties  of  superposed  tleiivage- 
683.  sectioDS  of  mica,  as  developed  by  ReuBch,*     If  three  or 

more  of  these,  say  of  rectangular  forni,  be  superposed  and 
80  placed  that  the  lines  of  the  axial  planes  make  equal 
angles  of  GO"  (45°,  etc.)  with  each  other  the  effect  is  that 
arized   light   which   has  passed   through  the  center 
I  suffers  circular  polarization,  with  a  rotation  to  right  or 
*t  according  to  the  way  in  which  the  sections  are  built 
np-     The  interference-figure  resembles  that  of  a  section 
of  quartz  cut  normal  to  the  axis.     This  is  illustrated  in 
Fig.  563. 

If  the  sections  are  numerous  and  very  thin  the  imita- 
tion of  the  phenomena  of  quartz  is  closer.     As  shown  by 
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llitruktut.  tSTI. 
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,  8,  16.  IS76,  and 
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Sohncke  and  others,  these  facts  throw  much  light  upon  the  ultimate  molecular 
structure  of  a  crystallized  medium  showing  circular  polarization.  Further,  it 
is  easy  from  this  to  understand  how  it  is  possible  to  have  in  sections  of  certain 
crystals  (e.g.,  of  clinochlore)  portions  which  are  biaxial  and  others  that  are  uni- 
axial, the  latter  being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions. 

409.  Optical  Propertiet  of  Cryttalline  Aggregates. — The  special  optica!  pbenomeua  of  the 
diffeivni  kinds  of  crysialtiiie  nggregutes  (It-scribed  uu  pp.  142,  I-18.  and  ilie  exUiii  to  wliicb 
tlieir  optical  cliur-icters  chd  he  deteriiiiiied  depeud  upon  the  distinctuess  in  tlie  developmeut 
of  tlie  iudividmiis  and  their  relative  orientation.  The  case  of  or  linary  granular,  Lbrous.  or 
columnar  agi'regjiifs  needs  no  special  discnssiou.  Wnere,  however,  the  doubly  refracting 
grains  -ire  extremely  small,  the  microsco|xi  may  hardly  serve  to  do  moe  than  lu  show  the 
aggr^ga'e  polarization  present. 

A  case  of  special  inierest  is  tliat  of  spherulites,  that  is.  aggregates  spherical  in  form  and 
radiated  or  concentric  in  structure;  such  aggregators  occur  wi»h  ciilcite.  various  cliloriies, 
feldspars,  etc.  If  they  are  formed  of  a  dou  ily  refi acting  crystalline  mineral,  or  of  aa 
amorphous  substance  which  has  l>irefringont  characters  dtie  to  internal  tin^ion,  they  com* 
monly  exhibit  a  dark  cross  in  the  micros  o|>e  betweiMi  crossed  nicols;  further,  this  cross,  as- 
the  section  is  revolved  on  the  stage,  though  actually  .stationary,  seems  to  rotate  backward.*" 

A  tlislinct  and  more  special  ca<e  is  that  of  spherical  aggregates  of  a  miuenil  opjicnlly 
uniaxial  (or  biaxial  with  a  small  angle)  Sections  of  these  (not  cential)  in  pandlel  polarized 
light  show  more  or  less  distinctly  the  interference-figure  of  a  uniaxial  crystal. f  The- 
objective  must  be  focussed  on  a  |>oint  a  little  removed  from  the  section  itsilt,  say  on  the 
surface  of  the  sphere  of  which  it  is  a  part.  In  such  cases  the  4~  or  —  cliaracter  of  the 
double  r<'fraction  can  be  determined  as  usual. 

410.  Change  of  Optical  Charao  er  Indnoed  by  FreMore. — As  the  difference  between  the 
optical  phenomena  exhibited  by  nn  isometric  crystal  on  the  one  hand  and  a  uniaxial  or 
biaxial  crystal  on  the  t'ther  is  referred  to  a  difference  in  molecular  structure  modifying  the 
properties  of  the  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
to  conditions  tending  to  develop  an  amdog«iu8  difference  in  its  molecular  structure  it  would 
also  show  doubly  refracting  propertu  s. 

This  is  found  to  be  the  case.  Glass  which  has  been  suddenly  cooled  from  a  slate  of 
fusion,  and  which  is  therefore  chamcierizeti  by  strong  int*  rnal  tension,  usually  shows 
marked  double  refraction.  Further,  glass  plates  subjected  to  gretit  mechanical  pressure  in 
one  direction  show  in  polarized  lijht  more  or  less  distinct  interferenre-rurves.  QelntlDe 
sections,  also,  under  pressure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  block 
developed  under  the  influence  of  unlike  cliarges  of  electricity  of  great  difference  of  potential 
on  its  opposite  sides  is  sufficient  to  m  ke  it  doiildy  lefracting 

In  an  ainilogous  manner,  as  shown  by  Klein,  Bnckiuii.  and  others.^  the  double  refraction 
of  a  crystal  may  be  changed  Dy  the  apnliralion  of  mechanical  force.  Klein  found  that 
pressure  exerted  normal  to  the  vertical  axis  of  a  section  of  a  tetnicron  d  or  hexngonal  crystal 
which  liiis  l)een  cut  l  h,  changes  the  uniaxial  in teiference- figure  into  a  biaxial,  and  with 
substances  o,>ticaily  positive,  the  plane  of  the  optic  axes  was  paniilel.  and  with  negative 
substances  normal,  to  the  direction  of  pre'isure. 

The  quartz  crystals  in  rocks,  >^  hich  have  been  subjected  to  great  pressure,  are  often  found* 
to  be  in  an  abnormal  slate  of  tension,  showing  an  unciulatory  extinction  in  |)ohirized  light. 

411.  Optical  Anomalies  — Since  the  early  investigations  of  Brewster^ 
Herschel,  and  others  (1815  et  seq  )  it  has  been  recognized  that  many  crystalg 
exhibit  optical  phenomena  which  are  not  in  harmony  with  the  apparent 
gymmetry  of  their  external  form.  Crystals  of  many  isometric  species,  as 
analcite,  alum,  boracite,  garnet,  etc.,  often  show  more  or  less  pronounced 
double  refraction,  and  sometimes  they  are  distinctly  uniaxial  or  biaxial.  A 
section  examined   in  parallel  polarized  light  may  show  more  or  less  sharply 


♦Cf.  Ro.scnbu8ch.  Mikr.  Plivs..  GSHs^g.,  1^92. 

f  Bertrand.  C  R.,  94.  542.  1882;  Mallard,  Bull.  8oc.  Min.,  4.  67.  1881. 

i  This  subjec*  has  been  discussed  by  various  authors,  amons:  whom  (in  recent  years)  are 
the  following:  Klo<ke  Jb.  Min..  2  240.  I88I:  Bncking.  Zs  Krvst.,  7.  5.5.5.  1888;  Braung, 
Jb.  Min  ,  X.  232.  1886;  Klein.  Ber.  Ak.  Berlin.  724.  18'>0;  Pcnkels.  Wie<l.  Ann..  37,  144, 
etc.,  1889;  39,  440,  1890;  Jb.  Min.,  Beil.-Bd.,  8,  217,  1898.    Bee  also  literature  on  p.  881. 
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defined  doobly  refncting  areas,  or  parallel  bauds  or  lamellse  with  Tarring^ 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thus,  a  dodecahedron 
may  appear  to  be  made  up  of  twelve  rhombic  pyramids  (biaxial)  whose  apices 
are  at  the  center;  a  hexoctahedrou  similarly  may  seem  to  be  made  up  of  forty- 
eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
vesuvianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interference- 
figures  resembling  those  of  biaxial  crystals.  Also,  analogous  contradictions 
between  form  and  optical  characters  are  noted  with  crystals  of  orthorhonibic 
and  monocliuic  species,  e.g.^  topaz,  natrolite,  orthoclase,  etc  All  cases  such  aa 
those  mentioned  are  embraced  under  the  common  term  of  optical  attomalies. 

This  subject  has  been  minutely  studied  by  many  investigators  in  recent 
years  (see  literature),  and  important  additions  have  been  made  to  it  both  or 
the  practical  and  the  theoretical  side^  The  result  is  that,  though  doubtful 
cases  still  remain,  many  of  the  typical  ones  have  found  a  satisfactory  ex- 
planation.    Xo  single  theory,  however,  can  be  universally  applied. 

The  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  whether  they  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand,, 
it  has  been  urged  that  internal  tension  suffices  (Art.  410)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equally  clear 
that  twinning  often  produces  pseudo-symmetry  in  external  form,  and  at  the 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case,, 
as  that  of  aragonite  (Fig.  397),  we  pass  to  more  complex  cases,  as  witherite 
(Figs.  400,  401,  and  557),  bromlite  (Figs.  558,  559),  phillipsite  (Figs.  362^ 
422-424),  which  last  is  sometimes  pseudo-isometric  in  form,  though  optical 
study  shows  the  monoclinic  character  of  the  individuals.*  Reasoning  from 
the  analogy  of  these  last  cases.  Mallard  was  led  n876)  to  the  theory  that  the 
optical  anomalies  could  in  most  cases  be  explained  by  the  assumption  of  a 
similar  but  still  more  intimate  grouping  of  molecules  which  themselves  without 
this  would  unite  to  form  crystals  of  a  lower  grade  of  symmetry  than  that  which 
their  complex  twinned  crystals  actually  simulate. 

In  regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 
internal  tension  (due  to  pressure,  sudden  cooling,  or  rapiditv  of  growth,  etc.) 
can  be  safely  appealed  to  to  explain  the  anomalous  optical  cliaracter  of  many 
species,  as  diamond,  halite,  beryl,  quartz,  etc.  Again,  it  has  been  fully  proved 
that  the  later  growth  of  isomorphous  layers  of  varying  composition  may 
produce  optical  anomalies,  probably  here  also  to  be  referred  to  tension.  Alum 
is  a  striking  example.  The  peculiarities  of  this  species  were  early  investigated 
by  Biot  and  made  by  him  the  basis  of  his  theory  of  "lamellar  polarization, "^ 
but  the  present  explanation  is  doubtless  the  true  one.  Fig.  564  (from  Braiins) 
shows  the  appearance  in  polarized  light  of  a  section  ||  o  (1 U)  from  a  crystal  in 
which  the  successive  layers  have  different  composition.  Further,  according  to 
Bniuns  the  optical  peculiarities  of  many  other  species  may  bo  referred  to  this 
same  cause.  He  includes  here,  particularly,  those  cases  (as  with  some  garnets) 
in  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 


*  CryglaU  showing  pseudo-symmetry  of  blghly  complex  type  are  called  mimetic  cryitals 
by  Tscbermak. 
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noted  above.  Here  belongs  alao  apophjllite,  a  sectiou  of  which  (from  Goldeo, 
<Iolo.,  by  Klein)  is  aliown  iu  Fig.  565.  The  sectiou  has  been  ciit  |  t  (001) 
through  tlie  center  of  the  crystal  aud  is  represented  as  it  appears  in  parallel 
l>olarized  light. 


Alum.  I  111. 


ApopTivlllte.  I  001. 


Leucite,  |  100. 


Another  quite  distinct  but  moi^t  importiint  class  is  that  including  epecies 

anch  as  boracite  nnd  leucite,  wiiich  are  diniorphovx ;  tliat  is,  those  species 
«liich  at  a  certain  elevation  of  temperature  (300  for  boracite  and  500°  to  600* 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  these  speciea 
are  anisotropic,  but  the  fact  stated  makes  it  probable  that  originally  their 
■crvBtalline  form  and  optical  characters  were  in  harmony.  The  relations  for 
leucite  deserve  to  be  more  minutely  stated. 

Leucite  iisunlly  shows  very  feeble  double  refraclion  ;  qj  =  1-B08.  f  =  1509.  ThU 
ainmnnlons  double  refraction,  early  nofed  (Brewaler,  Biol),  wsa  vnriouely  explnined.  Id  1878, 
Bnlh.  on  the  bosia  of  careful  meaaurirmeiits,  referred  tbesccniiiijrly  isometric  crystals  to  the 
tetragoiinl  system,  Ibe  tm|v-z<ilieilral  fncc  112  l>eii]);  liiken  as  111.  and  211,  131  fa  431,  241, 
WBpMiiveiy;  also  101,  Oil  ns  201.  021.  Lattr  WeisUach  (1880),  on  tbe  same  pmund.  made 
tliein  orlliorhombic;  Milliard,  however,  referred  Iheoi  (1878).  chiefly  ou  optical  grounds,  to 
tlie  muDocHiitc  system,  and  Fouqiie  and  L£vy  (1879)  to  the  triclintc.  Tlie  true  symmetry, 
tiorresiioudliijr  lo  the  molecular  structure  which  thcv  poMess  or  tend  to  po.>isess  at  iirdinaiT 
tvmpeiatures,  Is  in  doubt,  bnt  it  liai  been  shown  (Klefu,  PenHild)  ili:it  nt  500"  to  80(r 
sectlODi  1>ecome  isotropic;  and  further  (Rosen bnsch),  thnt  the  twinning  slrialionB  disappear 
on  healing,  to  renppear  again  In  new  position  od  cooling  Sections  ordinnrily  show 
twiDninglBindtce  |  <f  (110);  In  some  cases  a  biseclrix  (4-)  is  normal  to  wliat  correspond*  to 
«  cubic  fiiCB,  the  aiial  anple  belnc  very  small.  The  structure  corresponds  tn  j^eneral 
<Elein)  to  the  Interpenetratlon  of  three  crystals.  In  twinnlne  posiHon  |  rf,  which  may  b« 
«quHlly  or  unequally  developed;  or  there  may  he  one  fundiimentiil  individual  with  incloeed 
(wlnnins-''>">e11ie.  Fig.  560  siiows  h  secllnn  of  a  crystal  (|  a.  100)  nblch  Is  apparently 
made  np  by  the  twinning  of  three  Individuals. 

Still  again,  in  a  limited  number  of  cases  it  can  be  shown  that  the  inter- 
growth  of  lamellss  having  slightly  different  cryetallographic  orientation  is  the 
'  cause  of  the  optical  pecnliarities.  Prehnite  is  a  conspicuous  example  of 
this  class. 

After  all  the  various  possible  explanations  have  been  applied  there  still 
remain,  however,  many  speciea  about  which  no  certain  conclusion  can  be 
reached.  This  is  true,  for  example,  of  perovakite.  To  many  of  these  species 
the  theory  of  Mallard  may  probably  be  applicable.  Indeed"^  it  may  be  added 
that  much  difference  of  opinion  still  exists  as  to  the  cause  of  the  "optical 
anomalies  "  in  a  considerable  number  of  caaes. 
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IV.   CHARACTERS  DEPENDING  UPON  HEAT. 

412.  Tlie  more  important  of  the  special  properties  of  a  mineral  species  with 
respect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 
especially  in  their  relation  to  crystalline  structure;  change  in  optical  characters 
with  change  of  temperature;  specific  heat;  also  diathermancy,  or  the  power 
of  transmitting  radiation,  that  is,  ether-waves.     The  full  discussion  of  these 

•A  complete  bibliography  is  given  in  the  memoir  by  Brauns  (1891),  see  below. 
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and  other  related  subjects  lies  outside  of  the  range  of  the  present  text-book, 
A  few  brief  remarks  are  made  upon  them,  and  beyond  these  reference  must  be 
made  to  text-books  on  Physics  and  to  special  memoirs,  some  of  which  are  m^n- 
tioned  in  the  literature  (p.  233). 

413.  Fusibility. — The  approximate  relative  fusibility  of  different  minerals 
is  an  important  character  in  distinguishing  different  species  from  one  another 
by  nieiins  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently  used  for 
comparison,  as  explainea  in  the  articles  later  devoted  to  the  blowpipe.  Accurate 
determinations  of  the  fusibility  are  difficult,  and  though  of  little  importance 
for  the  above  object,  they  are  interesting  from  a  theoretical  standpoint.  They 
have  been  attempted  by  various  authors,  for  example  by  Joly,  who  employed 
the  "  meldometer''  for  this  end.  This  consisted  of  a  strip  of  platinum  in 
which  the  mineral  in  powder  was  inclosed;  it  was  heated  to  the  necessary 
point  by  an  electrical  current.  He  obtained  the  following  values  for  the 
minerals  used  in  von  Kobell's  scale  (Art.  474):  Stibnite,  525°;  natrolite,  965°; 
almandite,  1265*";  actinolite,  1296°;  orthoclase,  1175°;  bronzite,  1300°;  also 
for  quartz,  1430°. 

414.  Conductivity. — The  conductinffpower  of  different  crystallized  media 
was  early  investigated  by  S^narmont.  He  covered  the  faces  of  the  substance 
under  investigation  with  wax  and  observed  the  form  of  the  figure  melted  by  a 
hot  wire  placed  in  contact  with  the  surface  at  its  middle  point.  Later  inves- 
tigations  nave  been  made  by  Rontgen  (who  modified  the  method  of  Senarmont),. 
by  Jannettaz,  and  others.  In  general  it  is  found  that,  as  regards  their  thermal 
conductivity,  crystals  are  to  be  divided  into  the  three  classes  noted  on  p.  192. 
In  other  words,  the  conductivity  for  heat  seems  to  follow  the  same  general  laws 
as  the  propagation  of  light.  It  is  to  be  stated,  however,  that  experiments  by 
8.  P.  Tnompson  and  0.  J.  Lodge  have  shown  a  different  rate  of  conductivity  in 
tourmaline  m  the  opposite  directions  of  the  vertical  axis. 

416.  Expansion. — Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  for  the  unit  volume  in  passing  from  0°  to  1°  G.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  species. 
Further,  the  relative  expansion  in  different  directions  is  found  to  obey  the 
same  laws  as  the  light- propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  throe  classes  mentioned  on  p.  192  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  ia 
influenced  particularly  by  the  cleavage.  Mitscherlich  found  that  in  calcite 
there  was  a  diminution  of  8'  37"  in  the  angle  of  the  rhombohedron  on  passing 
from  0°  to  100°  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rhombohedron  of  dolomite,  for  the  same  range  of  tem- 
perature, diminishes  4'  46";  atid  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100°,  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedrons, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  lateral  sliortened),  while 
in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both  cases 
that  the  birefringence  is  diminished  with  the  increase  of  temperature,  for 
calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  altor  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
not  alter  the  zone-relutions  and  the  crystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-himellae  (as  in 
anhydrite)  or  to  cause  their  disappearance  (as  in  calcite).     Rarely  heat  server 
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to  develop  a  new  molecular  structure;  thus^  as  explained  in  Art.  411,  boracite 
and  leucite,  which  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300"'  the  latter  to  500"^  or  tiOO^.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  404). 

416.  Specific  Heat. — Determinations  of  the  specific  heat  of  many  minerals 
have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results  reached 
are,  as  follows  : 

Joly. 

Galena,  eryst,  0  0541 

Chulcopyiile  01271 

Pynie  01806 

Hcin:itite  0  1G8:3 

Gnruet,  red  cryat  01780-01793 
Epidote  0-1877 

417.  Diathermanoy. — Besides  the  slow  molecular  propagation  of  heat  in  a 
body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered  the 
rapid  propagation  of  what  is  called  radiant  heat  through  it  by  the  wave- 
motion  of  the  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light- waves  only  in  their  relatively 
greater  length.  The  degree  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
halite,  sylvite,  and  fluorite  are  highly  diathermanous,  since  they  absorb  but 
little  of  the  heat-waves  passing  throngh  them;  on  the  other  hand,  selenite  and, 
still  more,  alum  are  comparatively  rr/A«rnm7/OM.9,  since  while  transparent  to  the 
short  light-waves  they  absorb  the  long  heat-waves,  transforming  the  energy 
into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were  early  made 
by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.    CHARACTERS  DEPENDING  UPON   ELECTRICITY 

AND    MAGNETISM. 

1.  ELECTRICITY. 

418.  Electrical  Conductivity. — The  subject  of  the  relative  condacting  power 
of  different  minerals  is  one  of  minor  interest.*  In  general  most  minerals, 
except  those  having  a  metallic  luster  among  the  sulphides  and  oxides^  are  non- 
conductors. Only  the  non-conductors  can  show  pyro-electrical  phenomena, 
and  only  the  conauctors  can  give  a  thermo-electric  current. 

419.  Frictional  Electricity. — The  development  of  an  electrical  charge  on 
many  bodies  by  friction  is  a  familiar  subject.  All  minerals  become  electric  by 
friction,  although  the  degree  to  which  this  is  manifested  differs  widely.  There 
is  no  line  of  distinction  among  minerals,  dividing  them  into  positively  electric 
and  negatively  electric;  for  both  electrical  states  may  be  presented  by  different 
varieties  of  the  same  species,  and  by  the  same  variety  in  different  states.  The 
gems  are  in  general  positively  electric  only  when  polished;  the  diamond,  how- 
ever, exhibits  positive  electricity  whether  polished  or  not.  It  is  a  familiar  fact 
that  the  electrification  of  amber  upon  friction  was  early  observed  (600  B.  C), 
and  indeed  the  Greek  name  {yXeKxpov)  later  gave  rise  to  the  word  electricity. 

420.  Pyro-electricity. — The  simultaneous  development  of  plus  and  minus 
charges  of  electricity  on  different  parts  of  the  same  crystal  when  its  tempera- 
ture is  suitably  changed  is  called  pyro-electricity.  Crystals  exhibiting  such 
phenomena  are  said  to  be  pyro-electric.  This  phenomenon  was  first  observed 
in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in  crystalliza- 
tion,  and  it  is  particularly  marked  with  crystals  belonging  to  groups  of  relatively 
low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is  possible,  of 
course,  only  with  non-conductors.  This  subject  was  early  investigated  by 
Biess  and  Kose  (1843),  later  by  Hankel,  also  by  C.  Friedel,  Kundt,  and  others 
(see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystallographic  symmetry  show 
charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boracite  (isometric-tetrahedral,  p.  46)  on  heating  exhibits  +  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.     Cf.  Fig.  567. 

Tourmaline  (rhombohedral-hemimorphic,  p.  79)  shows  opposite  charges  at 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.  In  this  and  in  other  similar  cases,  the  extremity  which 
becomes  positive  on  heating  has  been  called  the  analogous  pole,  and  that  which 
becomes  negative  has  been  called  the  aiitilogous  pole. 

Calamine  and  struvite  (orthorhombic-hemimorphic,  p.  95)  exhibit  phenom- 
ena analogous  to  these  of  tourmaline. 

Quartz  (rhombohedral-trapezohedral,  p.  82)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  and  —  electricity  at  the  three  remaining 
edcjes  :  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
handed.    Twins  may  exhibit  a  high  degree  of  complexity.     Cf.  Figs.  568,  569. 

A.Huite  (triclinic,  p.  107),  when  heated  to  120°  or  130°,  has  an  analogous 
pole  (Kiess  &  Rose)  at  the  solid  angle  rxM';  the  antilogous  pole  at  the  angle 
mr'M'  near  plane  n. 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 

*  On  the  conduclivity  of  minerals,  see  Beijeriiick.  Jb.  Min.,  Beil.-Bd.  11,  403,  1898. 
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the  following,  which  is  dne  to  Kundt:  First  heat  the  crystal  or  section  care- 
f ally  in  an  air-bath ;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  little  upright  cylinder  of  bniss  to  cool.  While 
cooling,  a  mixture  of  red  lead  and  sulphur  finely  pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.     The 


667. 


668. 


669. 


positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  negatively  electrified  sulphur  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  567-569,  and  still  better  by  the  illustrations  given  by  Kundt 
and  others.    (Cf.  Plate  III  of  Groth,  Phys.  Kryst.,  1895.) 

421.  Piezo-electrioity. — The  name  piezo-electricity  has  been  given  to  the 
development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This  is 
shown  by  a  cleavage-mass  of  calcite,  also  by  topaz.  This  phenomenon  is  most 
interesting  where  a  relation  can  be  established  between  the  electrical  excite- 
ment and  the  molecular  structure,  as  is  conspicuously  true  with  quartz,  tour- 
maline, and  some  other  species. 

This  subject  has  been  investigated  by  Hankel,  Curie,  and  others,  and 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  actiHO-electricitif,  or,  heiier,  photo-electricity,  for  the  phenom- 
enon of  calling  out  of  an  electrical  condition  by  the  influence  of  direct  radia- 
tion ;  fluorite  is  a  conspicuous  example. 

422.  Sdntgen-rays  in  Mineralogy. — The  power  of  different  minerals  to 
transmit  the  so-called  X-rays,  or  Rontgen-rays,  emitted  from  a  suitable  vacuum- 
tube  during  the  discharge  of  an  induction-coil  has  been  investigated  by 
Doelter.*  He  has  found,  for  example,  that  sulphur,  beryl,  epidote,  pyrite,  etc., 
are  nearly  opaque;  tourmaline  less  so;  fluorite  transmits  the  rays  slightly,  the 
feldspars  and  quartz  better;  corundum  is  nearly  transparent  and  diamond  and 
^aphite  are  highly  so.  Diamond  is  easily  distinguished  in  this  way  from  its 
imitations,  which  are  relatively  highly  opaque. 

423.  Thermo-electricity. — i'he  contact  of  two  unlike  metals  in  general 
results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If, 
further,  the  point  of  contact  be  heated  while  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity — shown,  for  example, 
by  a  suitable  galvanometer — is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.  This  phenomenon  is  called  thermO'ehctricityy 
and  two  metjils  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table — a  so- 


Jb.  Min..  2,  87,  1896;  I.  256,  1897.    Also  Goodwlu,  Nature,  April  30,  1896. 
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called  thermo-electric  series — according  to  the  direction  of  the  current  set  up 
on  heating  and  according  to  the  electromotive  force  of  this  current.  Among 
the  metals,  bismuth  (-{-)  and  antimony  (— )  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  tne  connecting  wire  from  antimony  to 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force  is 
produced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
determined  by  Flight. 

It  was  early  observed  that  some  minerals  have  varieties  which  are  both  + 
and  — .  Sose  attempted  to  establish  a  relation  between  the  plus  and  minus 
pyritohedral  forms  of  pyrite  and  cobaltite,and  the  positive  or  negative  thermo- 
electrical  character.  Later  investigations  by  Schrauf  and  Dana  have  shown, 
however,  that  the  same  peculiarity  belongs  also  to  glaucodot,  tetradymite, 
skutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated  by  them  that 
it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon  chemical 
composition. 
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2.  Magnetism. 

424.  Magnetic  Minerals.  Natural  Magnets  —A  few  minerals  in  their  natnral 
state  are  capable  of  beincf  attracted  by  a  strong  steel  macrnet;  they  are  said  to 
be  magnetic.  This  is  conspicuously  true  of  maornetite,  the  magnetic  oxide  of 
iron ;  also  of  pyrrhotite  or  magnetic  pyrites,  and  of  some  varieties  of  native 
platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 
eases  attracted  by  a  steel  magnet^  but  probably  in  most  if  not  all  cases  because 

♦  See  Liebisch,  Phys.  Kryj^tallographie,  1891.  for  a  full  dis'  ussion  of  the  topics  briefly 
touched  upon  in  the  precediog  pages,  also  for  references  to  original  articles. 
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tha:   i«^ip-si*^  ^i*  pcLe*  of  a  ^terr  pi.:»«fu.l  «i^-^rv«eji^t:^c«  *.-i  aubffnir«f^  »» 

to  ihe-zz  iitCATjic  zc^j  ar*  dLiio^c  :!i:o  two  iirtffcs»R^  3i»  y^^ntvA'/fi^U'  ana 
di'tf^'^>pm4^iic:  iii»ii»  *&f  ic.*  f':-mi*r  apwAT  :o  b*  a:cnfcc:iec*  ^i:\>M'  \xf  c&f  fcitt^r  5i.> 
be  re-pfrLIsii.  Fi-r  z^t^.jsha  of  *jr«Kncti*r.:  ch*  $cS^abr.KV  :?i  ^t5«r*;iiOtt.  :u  \ht  i^txta 
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«oiD|^<nELCi  vt  ir>c  ant  p«T;uDagnie:u\  as  sidmc<^.  »W^>  dkwi^t^:  furl  Iter  I'^rvK 
dioptaae.     I>iaiEia2Tiem  »p«c:c4  inclu^i^  caloite.  lirvviu  wuifeiui«^«  «^o. 

Bj  ;he  ii£«  of  a  sphere  ic  is  pc^s^ibie  lo  deiermine  the  r>i^{ai;ve  anunnu  ^>f 
magr.etic  in*ic*^^io>n  in  d  fferei:;  dirvcciors  of  ihe  $anie  $ixl^iauco«  Kxivriiueni 
lias  shown  x'saz  in  isometric  crT5;als  the  majcneiio  iiHhioiioii  i$  alike  in  all 
•directions:  in  ib««e  optioallT  ni!iaxial,  that  there  i$  a  direv^tion  of  n>axii»um 
and,  normal  lo  it.  one  of  minimnni  niagiieiio  iuduotion:  in  biaxial  or\;^la)^ 
that  there  are  three  aneqnal  magnetic  a3[e6«  the  {H>siit:on  of  mhich  inav  Im^ 
determined.  In  other  words,  the  magnetic  relations  of  the  three  ola*^  of 
crrsuds  are  analogous  to  their  optical  relatione 

'  4S6u  Corrc;»ponding  to  the  fact«  just  stated*  that  all  com)HnuuL<  of  ii>M)  an» 
paramagnetic,  it  is  found  that  a  snfficientlv  {H>merfnl  tUHMn^ni»):i:ri  atiracta 
all  minerals  containing  iron,  though  except  in  the  ca$e8  given  in  Art,  4S4  a 
bar  magnet  has  no  sensible  influence  upon  them;  hence  the  efflcienov  of  the 
electromagnetic  method  of  separating  ores. 

PlQcker*  determined  the  magnetic  attraction  of  a  numl^er  of  sul^tantHVH 
-compareti  with  iron  taken  as  lOO.OOO  For  example*  for  magnetite  he  obtainett 
40/227;  for  hematite,  crystallized,  533,  massive,  134;  limonue.  71;  pyrite,  IMK 
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VI.  TASTE  AND  ODOR. 

< 

In  their  action  upon  the  senses  a  few  minerals  possess  taste,  and  others: 
under  some  circumstances  give  off  odor. 

427.  Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste; 
adopted  for  reference  are  as  follows : 

1.  Astringent :  the  taste  of  vitriol. 

2.  Sweetish  astringent :  taste  of  alum. 

3.  Saline :  taste  of  common  salt. 

4.  Alkaline:  taste  of  soda. 

5.  Cooling :  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sour :  taste  of  sulphuric  acid. 

428.  Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the- 
dry  unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  oi  some  volatile  ingredient  by  heat  or  acids,  odors- 
are  sometimes  obtained  which  are  thus  designated: 

1.  Alliaceous:  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  this* 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  (ie<'Hying  horse-radish.  This  odor  i» 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphurous :  friction  elicits  this  odor  from  pyrite,  and  heat  from  many 
sulphides. 

4.  Bituminous :  the  odor  of  bitumen. 

5.  Fetid:  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous :  the  odor  of  moistened  clay.  It  is  obtained  from  serpent, 
ine  and  some  allied  minerals,  after  moistening  them  with  the  breath  ;  others^ 
as  pvrargillite,  afford  it  when  heated. 

429.  Feel. — The  feel  is  a  character  which  is  occasionally  of  some  import- 
ance; it  is  said  to  be  smooth  (sep\o\ite),  greasi/  (talc),  ^ar^^,  or  meager,  etc,  . 
Some  minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  the* 
tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS. 

430.  Minerals,  as  regards  their  chemical  constitution,  are  either  the 
iincombined  elements  in  a  native  state,  or  definite  compounds  of  these  elementa 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralogy to  determine  the  chemical  composition  of  each  species;  to  show  th» 
chemical  relations  of  diiferent  species  to  each  other  where  such  exist;  and  also* 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means. 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralogy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowU 
edge  of  the  fundamental  principles  of  Chemical  Philosophy  is  required;  and 
these  are  here  briefly  recapitulated. 

431.  Chemical  lllements. — Chemistry  recognizes  about  seventy  substances 
which  cannot  be  decomposed,  or  divided  into  others,  by  any  process  of 
analysis  at  present  known;  these  substances  are  called  the  chemical  elements. 
A  list  of  them  is  given  in  a  later  article  (436);  common  examples  arer 
Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

432.  Atom.  Molecule. — The  study  of  the  chemical  properties  of  substances 
and  of  the  laws  governing  their  formation  has  led  to  the  belief  that  there  is 
for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest  particle- 
which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is  called  the^ 
atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  th6 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molecule.  The  molecule,  in  the 
chemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  be  subdivided  without  undergoing  chemical  decomposi- 
♦^ion.  For  example,  two  atoms  of  hydrogen  unite  to  form  a  molecule  of 
hydrogen  gas.  Again,  one  atom  of  hydrogen  and  one  of  chlorine  form  a  mole- 
cule of  hvdrochloric  acid  gas;  two  atoms  of  hydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

433.  Physical  Molecules. — An  important  distinction  must  be  made  between 
the  simple  chemical  molecules,  regarded  as  made  up  of  the  smallest  possible 
number  of  the  atoms  of  each  kind,  united  in  the  given  proportion,  and  the 
actual  physical  molecules  whir'h  together  build  up  the  structure  of  a  particular 
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mass  of  matter.  These  physical  molecules  may  be  much  more  complex,  each 
being  made  up  of  a  number  of  chemical  molecules  but  necessarily  containing 
the  respective  atoms  in  the  same  proportion.     In  the  case  of  a  gas,  it  is  always 

Eossible  to  determine  the  constitution  of  the  molecule,  as  is  explained  later, 
ut  in  the  case  of  liquids  and  solids  this  is  in  general  impossible. 

For  example,  it  is  certain  that  a  molecule  of  water  vapor  consists  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  but  the  molecules  of  water  which 
unite  to  buihi  up  a  snow  crystal,  though  containing  the  atoms  of  the  two 
elements  hydrogen  and  oxygen  in  the  same  proportion,  may  be  highly  complex, 
as  if  niiioe  up  of  many  gas  molecules.  Since  it  is  in  general  impossible  in  the 
case  of  solids  to  fix  the  constitution  of  the  actual  molecule,  it  is  aeually  better 
to  rei^ard  it  as  a  chemical  molecule  of  the  simplest  possible  form. 

434.  Atomic  Weight. — The  atomic  weight  of  an  element  is  the  weight,  or, 
better  expressed,  the  mass  of  its  atom  compared  with  that  of  the  clement 
hydrogen  taken  as  the  unit.  Thus  the  mass  of  an  atom  of  oxygen  is  very 
nearly  sixteen  times  that  of  the  atom  of  hydrogen  (exactly  15*96),  and  hence 
this  number  is  called  the  atomic  weight  of  oxygen.  Of  the  methods  by  which 
the  relation  between  the  maissos  of  the  atoms  is  determined  it  is  unnecessary 
here  to  speak;  the  results  that  have  been  obtained  are  given  in  the  table  on 
p.  241. 

436.  SymboL  Formula. — The  symbol  of  an  element  is  the  initial  letter,  or 
letters,  often  of  its  Latin  name,  by  which  it  is  represented  when  expressing  in 
chemical  notation  the  constitution  of  substances  into  the  composition  of  which 
it  enters.  Thus  0  is  the  symbol  of  oxygen,  H  of  hydrogen,  CI  of  clilorine, 
Pe  (from  ferrnm)  of  iron,  Ag  (from  argentum)  of  silver,  etc.  Further,  this 
symbol  is  always  understood  to  indicate  that  definite  amount  of  the  given 
element  expressed  by  its  atomic  weight;  in  other  words,  it  represents  one 
atom.  If  twice  this  quantity  is  involved,  that  is,  two  atoms,  this  is  indicated 
by  a  small  subscript  number  written  immediately  after  the  symbol.  Thus, 
Sb^S,  means  a  compound  consisting  of  two  atoms  of  antimony  and  three  of 
sulphur,  or  of  2  X  VIO  parts  by  weight  of  antimony  and  3  X  32  of  sulphur. 

This  expression,  Sb,S, ,  is  called  the  formula  of  the  given  compound,  since 
it  expresses  in  briefest  form  its  composition.  Similarly  the  formula  of  the 
mineral  albite  is  NaAlSi^O.. 

Strictly  speaking,  such  formulas  are  merely  empirical  formulas^  since  they 
express  only  the  actual  result  of  analysis,  as  giving  the  relative  number  of 
atoms  of  each  element  present,  and  make  no  attempt  to  represent  the  actual 
constitution.  A  formula  developed  with  the  latter  object  m  view  is  called  a 
rational,  structural,  or  constitutional  formula  (see  Art.  453). 

436.  Table  of  the  Elements.— The  following  table  gives  a  list  of  all  the 
definitely  established  elements  with  their  accepted  symbols  and  also  their 
atomic  weights.* 

Of  the  elements  given  in  this  list — about  seventy  in  all — only  a  very 
small  number,  say  twelve,  play  an  important  part  in  making  up  the  crust  of 
the  earth  and  the  water  and  air  surrounding  it.  The  common  elements  con- 
<!erned  in  the  composition  of  minerals  are:  Oxygen,sulphur,  silicon,  aluminium, 
iron,  cnlnium,  niaffnesium,  sodium,  potassium.  Besides  these,  hydrogen  is 
present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  and  vegetable 
substances.  Only  a  verv  few  of  the  elements  occur  as  such  in  nature,  as 
native  gold,  native  silver,  native  sulphur,  etc. 

*  Tli<  sr  oorrt'spoiMl  in  valiit;  to  those  commonly  accepted,  unci  are  given  accurate  to  ono 
decimal  place.     In  slrict  chemical  sense  tbe  atomic  weight  of  oxygen  is  15*96,  etc. 
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Of  the  elements,  oxygen,  hydrogen,  nitrogen,  chlorine,  and  flnorine  are 
gases;  bromine  is  a  volatile  liquid;  mercary  is  also  a  liquid,  but  the  others 
jire  solids  under  ordinary  conditions. 


Sjmbol. 

At.  Weight. 

fiymbol. 

At.  We«chL 

Aluminium,  Aluminum 

Al 

27 

Mangnnese 

Mn 

548 

Antimony  {SOlnum) 

Sb 

120 

Mercury  {Hifdrargyrum) 

Hg 

199-8 

Argon 

A 

890 

Molybdenum 
Nickel 

Mo 

96 

Arei'uic 

As 

74i) 

Nl 

58*6 

Burium 

Bb 

137 

Niobium 

Nb 

98-7 

Berylliuin 

Be  (or 

01)    01 

Nitrogen 

N 

14 

Bismutli 

Bt 

207  5 

Osuiium 

Os 

191 

lioron 

B 

10-9 

Oxygen 

0 

16 

Broiiiiiie 

Br 

79-8 

Pnlliidium 

Pd 

106  9 

Oiidmium 

Cd 

111-7 

Pliosph(»ru8 

P 

81 

Ceesium 

Cs 

587 

Plaiini.m 

Pt 

1948 

Calcium 

Ca 

S9-9 

P<  »la>8i  u  m  ( K€Uium) 

K 

89 

Ciirbon 

C 

12 

Rh<»dium 

Rh 

104-1 

Cerium 

Ce 

141 

Rubidium 

Rb 

85-2 

Chlorine 

CI 

85-4 

Ruihenium 

Ru 

108-5 

Cbromium 

Cr 

52-5 

Scandium 

So 

44 

Cobiilt 

Co 

68-7 

Selenium 

Se 

78  9 

Columbium,  see  NtMum, 

Silicon 

Si 

28 

Copper  (Cuprum) 

Cu 

682 

Silver  (Argenium) 

Ag 

107-7 

Didymiuni 
£rbinm 

Di 

142 

Sodium  (Nairium) 

Na 

28 

Er 

ISS 

Strontium 

Sr 

87-8 

Fluorine 

P 

19-1 

Sulphur 

S 

82 

Gallium 

Oa 

S9-9 

Tantalum 

Tk 

182 

Oermanium 

Ge 

788 

Tellurium 

Te 

125 

Olticiniim,  see  Beryllium. 

Thallium 

Tl 

203-7 

Gold  (Aurum) 

Au 

196-7 

Thorium 

Th 

282 

Helium 

He 

4-4 

Tin  {Stannum) 

Sn 

117-4 

Hydrogen 

H 

1 

Titanium 

Ti 

48 

Indium 

In 

118-4 

Tungsten  ( Wofframium) 

W 

188-6 

Iodine 

I 

126  5 

Uranium 

U 

240 

Iridium 

Ir 

192-5 

Vnnadium 

V 

51  1 

Inm  (Ferrum) 

Fe 

559 

Ytterbium 

Yt 

172-6 

Lanthanum 

La 

138 

Yttrium 

Y 

89 

Lend  (Plumhum) 

Pb 

2064 

Zinc 

Zn 

651 

Lithium 

Li 

7 

Zirconium 

Zr 

90  4 

Magnesium 

Mg 

24 

• 

437.  Metals  and  Non-metals. — The  elements  may  be  divided  into  two  more 
or  less  distinct  classes,  the  metals  and  the  non-metals.  Between  the  two  lie  a 
number  of  elements  sometimes  called  the  semi-metals.  The  wetals,  as  gold, 
silver,  iron,  sodium,  are  those  elements  which,  physically  described,  possess  to  a 
more  or  less  perfect  degree  the  fundamental  characters  of  the  ideal  metal,  viz.: 
Dialleubility,  metallic  luster  (and  opacity  to  light),  conductivity  for  heat  and 
electricity;  moreover,  chemically  described,  they  commonly  play  the  part  of 
the  positive  or  basic  element  in  a  simple  compound,  as  later  defined  (Arts. 
446-449).  The  non-wetals,  as  sulphur,  carbon,  silicon,  etc.,  also  the  gases,  as 
oxygetj,  rlilorine,  etc.,  have  none  of  the  physical  characters  alluded  to:  they 
are,  if  solids,  brittle,  often  transparent  to  light-radiation,  are  poor  conductors 
for  heat  and  electricity.  Chemically  expressed,  they  usually  play  the  negative 
or  acid  part  in  a  simple  compound. 

The  so-called  semi-melnhy  or  metalloids,  include  certain  elements,  as 
tellurium,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
a  metal  to  a  less  perfect  degree  (e.g.^  they  are  more  or  less  brittle);  and,  more 
imporUmt  than  this,  they  often  play  the  part  of  the  acidic  element  in  the 
compound  into  which  they  enter.    These  points  are  illustrated  later. 
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It  is  to  be  understood  that  the  distinctions  between  the  classes  of  the 
elements  named  cannot  be  very  sharply  applied.  Thus  the  typical  metallic: 
characters  mentioned  are  possessed  to  a  very  unequal  degree  by  the  different 
substances  classed  as  metals;  for  example,  by  silver  and  tin.  Corresponding  to- 
ihis  a  number  of  the  true  metals,  as  tin  and  manganese^  play  the  part  of  an  acid 

in  numerous  salts.  Further,  the  mineral  magnetite,  FeFe,0^,  is  often  described 
as  an  iron  ferrate;  so  that  in  this  compound  the  same  element  would  play  the- 
part  of  both  acid  and  base. 

438.  Positive  and  Negative  Elements. — It  is  common  to  make  a  distinction 
between  the  electro-positive  and  electro- negative  element  in  a  compound.  The 
passage  of  a  sufficiently  strong  electrical  current  through  a  chemical  compound 
in  many  cases  results  in  its  decomposition  (or  electrolysis)  into  its  elements  or 
parts.  In  such  cases  it  is  found  that  for  each  compound  the  atoms  of  one 
element  collect  at  the  negative  pole  (the  cathode)  and  those  of  the  other  at  the 
positive  pole  (the  anode).  The  former  is  called  the  electro-positive  element 
and  the  latter  the  electro-negative  element.  Thus  in  the  electrolysis  of  water 
(H,0)  the  hydrogen  collects  at  the  cathode  and  is  hence  called  positive,  and 
the  oxygen  at  the  anode  and  is  called  negative.  Similarly,  in  hydrochloric  acid 
(HCl)  the  hydrogen  is  thus  shown  to  be  positive,  the  chlorine  negative.  This, 
distinction  is  also  carried  to  complex  compounds,  as  copper  sulphate  (CuSOj, 
which  by  electrolysis  is  broken  into  Cu,  which  is  found  to  be  electro-positive^ 
and  SO^  (the  last  separates  into  SO,,  forming  H,SO^  and  free  oxygen). 

For  reasons  which  will  be  explained  later,  the  positive  element  is  said  to- 
play  the  basic  part,  the  negative  the  acidic.  The  metals,  as  already  stated,  in 
most  cases  belong  to  the  former  class,  the  non-metals  to  the  latter,  while  the 
aemi-metals  may  play  both  parts. 

It  is  common  in  writing  the  formula  to  put  the  positive  or  basic  element 
first,  thus  H,0,  H,S,  HCl,  H,SO,,  Sb,S,,  As,0,,  AsH.,  NiSb,  FeAs,.  Here 
it  will  be  noted  that  antimony  (Sb)  and  arsenic  (As)  are  positive  in  some  of 
the  compounds  named  but  negative  in  the  others. 

439.  Periodic  Law. — In  order  to  understand  the  relations  of  the  chief 
classes  of  chemical  compounds  represented  among  minerals,  as  still  more  their 
further  subdivision,  down  finally  to  the  many  ixomorphous  groups— groups  of 
species  having  analogous  composition  and  closely  similar  form,  as  explained  in 
Art.  466 — the  fundamental  relations  and  grouping  of  the  elements  must  bo 
understood,  especially  as  developed  of  recent  years  and  shown  in  the  so-called 
Periodic  Law.* 

Although  the  subject  can  be  only  briefly  touched  upon,  it  will  be  useful  to- 
give  here  the  general  distribution  of  the  elements  into  Groups  and  Series,  aa 
presented  in  the  Principles  of  Chemistry  (Engl.  Ed.,  1891)  of  D.  Mendeleeff,. 
to  whom  is  due  more  than  any  one  else  the  development  of  the  Periodic  Law. 
A  few  remarks  are  added  on  the  grouping  of  the  elements  as  illustrated  by 
mineral  compounds;  artificial  compounds  show  these  relations  still  more  fully 
and  clearly.  For  the  thorough  explanation  of  this  subject,  more  particularly^ 
as  regards  the  periodic  or  progressive  relation  between  the  atomic  weights  and 
various  properties  of  the  elements,  the  reader  is  referred  to  the  work  above 
mentioned  or  to  one  of  the  many  other  excellent  modern  text-books  of 
chemistry. 

The  relations  of  some  of  the  elements  of  the  first  srroup  are  exhibited  by 
the  isomorphism  (see  Art.  456,  also  the  description  of  the  various  groups  and 
•pecies  here  referred  to.  which  are  given  in  Part  IV  of  this  work)  of  NaCl, 

KCl,  AgCl;  or  again  of  LiMnPO^  and  NaMnPO^,  etc.     In  the  second  group, 

•^-^—  ^.^^^^^^^^^^^"^^   '  ~^^^^'^'~~^~  ■ 

*  T/je  relatioaa  here  brouijlit  out  are  iinporUint,  even  if  the  validity  of  tbe  Periodic  Law 
k  iM  less  general  thnu  Una  been  > apposed. 
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reference  may  be  made  to  the  isomorphism  of  the  carbonates  and  sulphates 
(p.  250)  of  calcium,  barium,  and  strontium;  while  among  the  sulphides,  ZnS, 
■G&8,  and  HgS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
aluminium  often  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano-silicates,  while 
the  compounds  TIG,,  SnO,,  PbO,  (and  MnO,),  also  ZrSiO  and  ThSiO,,  have 
■closely  similar  form.  In  the  fifth  group,  many  compounds  01  arsenic,  antimony, 
and  bismuth  are  isomorphous  among  metallic  compounds,  while  the  relations 
of  phosphorus,  vanadium,  arsenic,  also  antimony,  are  shown  among  the 
phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual  relations 
of  the  niobates  and  tantalates  are  to  be  noted. 

In  the  sixth  group,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellurium,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellurides; 
further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both  of  these 
to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sulphates, 
ohromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  understood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulphates  are  in  several  cases  closely 
isomorphous;  further,  the  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeS,,  FeAsS,  FeAs,,  etc.,  with  PtAs, 
and  probably  RuS,. 

440.  Combining  Weight. — Chemical  investigation  proves  that  the  mass  of 
a  given  element  entering  into  a  compound  is  always  proportional  either  to  its 
atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic  weight  is  hence 
also  called  the  combining  weight.  Thus  in  rock  salt,  sodium  chloride,  the 
masses  involved  of  sodium  and  chlorine  present  are  found  by  analysis  to  be 
equal  to  39*4  and  60*6  in  100  parts,  and  these  numbers  are  in  proportion  to 
j}3  :  35*4,  the  atomic  weights  of  sodium  and  chlorine;  hence  it  is  concluded 
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that  one  atom  of  each  is  present  in  the  compound.  The  formula  is,  therefore;^ 
]l<faGl.  In  calcium  chloride,  by  the  same  method  the  masses  present  are  found 
to  be  proportional  to  39*9  :  70*8,  that  is,  to  39*9  =  2  X  35*4;  hence  the  formula 
is  CaCl,. 

Still  Hgfiin.  a  series  of  compounds  of  nitrogen  with  oxygen  is  known  in  wliicli  the  ratios 
of  tlie  miiasesof  tiie  two  elements  are  as  foUows:  (1)28:  16,  (2)  14:  16.  (8)  28:48,  (4)  14:82, 
(5)  28:  80.  It  is  seen  ut  once  that  these  must  have  the  formtilus  (1)  NsO,  (2)  NO,  (8)  NaOs» 
(4)  NOa,  (5)  NsOft.  On  the  contrary,  atmospheric  air  which  contuius  these  ckuieuts  in 
about  tlie  ratio  of  768  to  28  2  cannot  be  a  chemical  compound  of  these  elements,  since 
(a^ide  from  other  considerations)  these  numbers  are  not  in  the  ratio  of  n  X  14  :  m :  16  where 
n  and  m  are  simple  whole  numbers. 

441.  Molecular  Weight. — The  molecular  weight  is  the  weight  of  the  mole- 
cule of  the  given  substance,  expressed  in  terms  of  the  mass  of  the  hydrogen 
atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  molecule 
can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydrochloric 
acid  (HCl)  is  36*4,  of  water  vapor  (H,0)  it  is  18,  of  hydrogen  sulphide  (H,S) 
it  is  34. 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity^ 
If  the  density  is  referred  to  hydrogen,  whose  molecular  weight  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
gas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CO,)  is  22, 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cannot 
be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSi^O,  for  albite.  The  sum  of  the  weights  of  the  atoms 
present  is  then  taken  as  the  molecular  weight. 

442.  Valence. — The  valence  of  an  element  is  given  by  the  number  of  its 
atoms  which  are  required  to  unite  with  one  unit  atom,  as  of  hydrogen  or 
chlorine.  Thus,  using  the  examples  of  Art.  440,  in  NaCl,  since  one  atom  of 
sodium  unites  with  one  of  chlorine,  its  valence  is  one;  or  in  other  words,  it  is 
said  to  be  univalent y  and  is  called  a  monad.  Further,  calcium  (as  in  GaCl,)^ 
also  barium,  etc.,  are  bivalent;  gold  is  (usually)  trivalent;  tin  is  tetravalent^ 
etc.  The  valence  may  be  expressed  by  the  number  of  bonds  by  which  one 
element  in  a  compound  is  united  to  another,  thus: 

Na-Cl,  Ba=Cl,,  Au=Cl„  Sn^Cl,,  etc. 

The  valences  of  the  common  elements,  expressed  by  their  symbols,  are 
as  follows ! 

Univalent:  H,  CI,  Br,  I,  F;  Li,  Na,  K,  Kb,  Cs,  Ag. 

Bivalent :  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Hg,  Cu,  Zn,  Co,  Ni. 

Trivalent :  B,  An ;  probablv  also  Al,  Fe,  Mn,  Cr. 

Tetraralent:  C,  Si,  Ti,  Zr,  Sn. 

Pentavalmt :  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

The  above  list,  though  convenient  for  reference,  is  not  to  be  taken  as  com- 
plete or  final.  A  considerable  number  of  the  elements  show  a  different  valence 
indifferent  compounds.  Thus  both  Sb,0,  and  Sb,0^  are  known;  also  FeS, 
Fe,0.  and  FeS,;  Cu,Cl„  CtiCl,,  and  similarly  Cu,S(Cu,0)  and   CuS(CuO),. 


GBHERAL  PRINCIPLES  OF  CHEMISTRY   AS  APPLIED  TO  MIKBRAL8.        245- 

etc.  In  certain  cases  the  composition  of  two  compounds  of  the  same  ^lements 
may  be  made  consistent  witli  each  other,  by  an  assumption  as  to  the  possible 
grouping  of  the  atoms.  Thus  in  cupric  chloride^  CuCl,,  or  cupric  oxide,  CuO,. 
copper  is  bivalent  as  usual.  But  the  cuprous  compounds,  Cu,Cl,  and  Cu,0> 
also  occur,  and  lor  them  the  formulas  may  be  written 

Cl-Cu-Cu-Cl        and        (Cu-Cu)=0. 

Again,  the  elements  Al,  Fe,  Mn,  Cr,  which  form  the  compounds  AlCl,,  A1,0,^ 
etc.,  are  sometimes  called  tetravaleut  and  the  formula  of  the  oxide  written,  for 
example,  ( Al  =  Al)  =  0,. 

443.  Chemical  Reactions. — When  solutions  of  two  chemical  substances  are 
brought  together,  in  many  Ciises  they  react  upon  each  other  with  the  result  of 
forming  new  compounds  out  of  the  elements  present;  this  phenomenon  is 
called  a  chemical  reaction.  One  of  the  original  substances  may  be  a  gas,  and 
in  many  cases  similar  results  are  obtained  from  a  liquid  and  a  solid,  or  less 
often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
(AgNOJ  react  on  each  other  and  yield  silver  chloride  (AgCh  and  sodium 
nitrate  (NaNO,).     This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNO,  =  AgCl  +  NaNO,. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights^^ 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCl)  and  calcium  carbonate  (CaCO,)  yield 
calcium  chloVide  (CaCl,)  and  carbonic  acid  (H,CO,);  which  last  breaks  up 
into  water  (U,0)  and  carbon  dioxide  (CO,),  the  lust  going  off  as  a  gas  with 
effervescence.     Hence 

CaCO.  +  2HC1  =  CaCl,  +  H,0  +  CO,. 

444.  Sadicalfl. — A  compound  of  two  or  more  elements  according  to  their 
relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  saturated. 
This  is  true  of  H,0,  or,  as  it  may  be  written,  H— 0— H.  If,  however,  one 
or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
called  a  radical.  Thus  — O— H,  called  briefly  hydroxy),  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent;  NH^  is  again  a  univalent 
radical;  so,  too,  (CaF),  (MgF)  or  (AlO).  liadicals  often  enter  into  a  compound 
like  a  simple  element;  for  example,  in  ammonium  chloride,  NH^Cl,  the 
univalent  radical  NH,  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.  In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
is  hydroxy!  (—0—11)  already  defined.  Other  examples  are  (C:iF)  in  apatite 
(see  Art.  456),  (MgF)  in  waunerite,  (AlO)  in  many  basic  silicates,  etc. 

446.  Chemical  Componnd. — A  chemical  componiul  is  a  combination  of  two 
or  more  elements  united  bv  the  force  of  chemical  attraction.  It  is  alwavs 
true  of  it,  as  before  stated  (Art.  440),  that  the  elements  present  are  comlnned 
in  tlio  proportion  of  their  atomic  weisrlits  or  some  simple  mnltiplos  of  these. 
A  substance  which  does  not  satisfy  this  condition  is  not  a  compound,  but  only 
a  median ical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  oxides^  or 
compounds  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
Cu,0,  cuprous  oxide  (cuprite);    ZnO,  zinc  oxide  (zincite);    A1,0,,  alumina 
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<cornudum);  SnO„  tin  dioxide  (cassiterite);  SiO„  silicon  dioxide  (quartz), 
As,0,,  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  selenides, 
iellurides,  arsenides,  antimouides,  etc),  compounds  in  which  sulphur  (selenium, 
tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the  oxides. 
Here  belong  Cu,S,  cuprous  sulphide  (chalcocite);  ZnS,  zinc  sulphide  (sphaler- 
ite); PbTe,  lead  telluride  (altaite);  FeS„  iron  disulphide  (pyrite);  Sb,S„ 
antimony  trisulphide  (stibnite). 

446.  Acids. — The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  acids,  bases,  and  salts; 
the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
element  (as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining these  elements.  In  them  the  hydrogen  atoms  may  be  replaced  by 
metallic  atoms;  the  result  being  then  the  formation  of  a  salt  (see  Art.  448). 
Acids  in  general  turn  blue  litmus  paper  red  and  have  a  sharp,  sour  taste. 
The  following  are  familiar  examples: 

HCl,  hydrochloric  acid,  H  -  CI. 

HNO.,  nitric  acid,  (HO)  =  NO,. 

H,CO„  carbonic  acid,  (HO),  =  CO. 
H,SO„  sulphuric  acid,  (HO),  =  SO,. 
H,SiO.,  metasilicic  acid,  (HO),  =  SiO. 
H.PO,,  phosphoric  acid,  (HO),  =  PO. 
H^SiO,,  orthosilicic  acid,  (HO)^  =  Si. 

The  full  explanation  of  the  constitution  of  the  different  acids  requires  a  more 
detailed  discussion  than  is  possible  here.  The  second  series  of  formulas  given 
above  must  serve  as  suggestions  in  this  direction. 

It  is  to  be  noted  that  with  a  given  ncid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H^SiO^,  in  which  the  bonds  of  the  element 
silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one  mole- 
cule of  water,  H,0,  from  this  gives  the  formula  H,SiO,,  or  metasilicic  acid. 

Acids  which,  like  HNO,  ,  contain  one  atom  of  hydrogen  that  may  be 
replaced  by  a  metallic  atom  (e.g.,  in  KKO,)  are  called  mohobai^ic.  If,  as  in 
H,CO,  and  H,SO^,  there  are  two  atoms  {e.g.,  in  CaCO,,  BiiSOJ  the  acids  are 
dibasic.     Similarly  H,PO^  is  tribasic,  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparingly  among  minerals;  B(OH),,  boric  acid  (sassolite),  is  an  illustration. 

447.  Bases. — The  bases,  or  hydroxides  ns  they  are  also  called,  are  com- 
pounds which  may  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
and  the  univalent  radical  hydroxyl,  —(OH);  or  in  other  vords,  of  an  oxide 
writh  water.  Thus  potash,  K,0,  and  water,  H,0,  form  2K(0H).  or  potassium 
hydroxide:  also  CaO  +  H,0  similarly  give  Ca(OH^,  or  calcium  hydroxide. 
In  general,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
paper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article  Further,  the  bases  yield  water  on  ignitiou,  that  is,  at  a 
temperature  sufficiently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(On),,  magnesium  hydrate  (brucite);  A1(0H)„  aluminium 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 
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448.  Salts. — A  third  class  of  compounds  are  the  salts;  these  may  be 
regarded  as  formed  chemically  by  the  reaction  of  a  base  upon  an  acid,  or,  in 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul- 
phuric acid  give  calcium  sulphate  and  water: 

Ca(OH),  t  H,SO,  =  CaSO,  +  2H,0. 

JSere  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
said  to  be  neutralized  by  the  base,  calcium  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt^  as 
iollows: 

Base,  Ca(On),;        Acid,  H,SO,;        Salt,  CaSO,. 

TLere  it  is  seen  that  a  salt  may  be  simply  described  as  formed  from  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
Tadical. 

449.  Typical  Salts. — The  commonest  types  of  salts  represented  among 
minerals  are  the  following: 

Chlon'des06i\\t8  of  hydrochloric  acid,  HCl;  as  AgCl,  silver  chloride  (cerar- 
gyrite). 

Nitrates:  salts  of  nitric  acid,  HNO,;  as  KNO„  potassium  nitrate  (niter). 

Carf>o?iates :  salts  of  carbonic  acid,  H,CO,;  as  CaCO,,  calcium  carbonate 
»(calcite  and  aragonite). 

Sulphates:  salts  of  sulphuric  acid,  H,SOj  as  CaSO^,  calcium  sulphate 
(anhydrite). 

Phosphates :  salts  of  phosphoric  acid,  H,PO,;  as  Ca,(POj„  calcium  phos- 
phate. 

Silicates :  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H,SiO,;  as  MnSiO,,  manganese  metasilicate 
(rhodonite).  Also  salts  of  orthosilicic  acid,  H^SiOj  as  Mn,SiO^,  manganese 
•orthosilicate  (tephroite). 

Numerous  other  classes  of  salts  are  also  included  among  mineral  species; 
their  composition,  as  well  as  that  of  complex  salts  of  the  above  types,  is 
explained  in  the  descriptive  part  of  this  work. 

450.  Normal,  Acid,  and  Basic  Salts. — A  neutral  or  normal  salt  is  one  in 
ifhich  the  basic  element  completely  neutralizes  tiie  acid,  or,  in  other  words, 
•one  of  the  type  already  given  as  examples,  in  which  all  the  hydrogen  atoms  of 
ithe  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K,SO^  is 
normal  potassium  snlphat<%  but  HKSO,,  on  the  other  hand,  is  acid  potassium 
jBuIphate,  since  in  the  acid  H,SO^  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.  Suits  of  this  kind  are  called  acid  salts.  The  formula  in 
«uch  cases  may  be  written  *  as  if  the  compound  consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  given,  K,S0^.1I,S0^. 

A  basic  salt  is  one  in  which  the  acid  part  of  the  compound  is  not  sufficient 
to  satisfy  all  the  bonds  of  the  base.  Thus  malachite  is  a  basic  salt — basic  car- 
bonate of  copper — its  composition  being  expressed  by  the  formula  Cu,(OH),CO,. 

This  may  be  written  CuCO,.Cu(OH)„  or  (Cu,)  =  ^^^.  .     The  majority  of 


♦  This  early  form  of  wHting  the  composition  explains  the  name  often  given  to  the  com- 
-.pound.  namely,  in  this  case,  "  bisulphate  of  potash.", 
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minerals  consist  not  of  simple  salts,  as  those  noted  above,  but  of  more  or  less 
complex  double  salts  in  which  several  metallic  elenieuts  are  present.  Thu» 
common  grossular  garnet  is  an  orthosilicate  containing  both  calcium  and  alu- 
minium as  bases  ;  its  formula  is  Ca,Al,(ISiOJ,. 

451.  Sulpho-salts.  -  The  salts  thus  tar  spoken  of  are  all  oxygen  salts.  There 
are  also  others,  of  analogous  constitution^  in  which  sulphur  takes  the  place  of 
the  oxygen  ;  they  are  hence  called  sulpho-saUs.  Thus  normal  sulpharsenious 
acid  has  the  formula  H,AsS„  and  the  corresponding  silver  salt  is  Ag,As8,,  the 
mineral  proustite.  Similarly  the  silver  salt  of  the  analogous  antimony  acid  is 
Ag,SbS„  the  mineral  pyrargyrite.  From  the  normal  acids  named,  a  series  of 
otner  hypothetical  acids  may  be  derived,  as  HAs6,,  H^As,^^,  etc.;  these  acids 
are  not  known  to  exist,  but  their  salts  are  important  minerals.  Thus  zinkenite,^ 
PbSb,S^,  is  a  salt  of  the  acid  H^ISbS^,  and  jamesonite,  Pb^Sb^JS^,  of  the  acid 
H,Sb,S„  etc. 

452.  Water  of  Crystallization. — As  stated  in  Art.  447,  the  hydroxides,  or 
bases  and  further  basic  salts  in  general,  yield  water  when  ignited.  Thus- 
calcium  hydroxide  Ca(OH)  breaks  up  on  heating  into  CaO  and  H,0,  as- 
expressed  in  the  chemical  equation 

2Ca(0H),  =  2CaO  +  H,0.  ^ 

So  also  the  basic  cupric  carbonate,  malachite  (formula  given  in  Art.  450),  yields 
water  on  ignition;  and  the  same  is  true  of  the  complex  basic orthosilicates, lik& 
zoisite,  whose  formula  is  (HO)Ca,Al,(SiOJ,.  It  is  not  to  be  understood,  how» 
ever,  in  these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 

On  the  other  hand,  there  are  a  large  number  of  mineral  compounds  whicb 
yield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaSO,  +  2H,0, 

and  the  molecules  of  water  (2H,0)  are  considered  as  water  of  crystallization. 
So,  too,  in  potash  alum,  KA1(S0,),  +  12H,0,  the  water  is  believed  to  play  the- 
same  part. 

453.  Formulas  of  Minerals. — The  striotlv  omninVal  formula  expresses  the- 
kinds  and  numbers  of  atoms  of  the  elements  pr^^ont  in  the  driven  oomponnd, 
without  attemptinfif  to  show  the  way  in  whi<'h  it  is  believed  that  the 
atoms  are  combined.  Thus,  in  the  case  of  znisite  t*^p  empirical  formula  i» 
HCa,Al,Si,0,,.  While  not  attempting^  to  renrns^nt  tlie  structural  formula 
^which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indirate 
the  atoms  whi^'ih  there  is  reason  to  helipve  plav  n  pomlinr  relntion  to  each  other. 
Thus  the  same  formula  written  (HO)Ca,Al,fSTO  ^  Rhnws  that  it  is  rf^'T^arr^ed  a» 
a  basic  orthosilicate,  in  other  words,  a  basic  salt  of  ort^ociiiVip  acid.  H.SiO.. 

A8:ain.  the  empincal  formula  of  common  npn^it^  is  Ch.FP  O  ,:  bnt  if  this  i« 
'Written  fCaP)Ca.(PO  \,  it  shows  that  it  is  re^rarVd  ns  a  phojaphate  of  the  acid 
H,PO.,  that  is,  H.,(PO,)  .  in  which  the  ninp  hrr?rorrnn  ntoms  are  replaced  hj 
1  four  Ca  atoms  tosrether  with  the  univalent  rndi<»al  (C\^y^.  Tn  another  kind  of 
apatite  the  radieal  (OaOl^  enters  in  the  same  w^v  S5?«>»nni-lr  tn  this  the  formula 
of  pvromorphite  is  rPhCl)Ph/PO,)„  of  vanadm"fe  (PhOnPh  ^V0.^.. 

Further,  it  is  often  convenient  to  emplov  the  mpth^d  of  writing  the  formnlaa 
in  vogue  under  the  old  dualistic  system.    For  example, 
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CaO.CO,    for    CaCO., 
3CaO.Al,0,.3SiO,    for    Ca.Al,Si.O,„ 
3Ag,S.Sb,S,     for    Ag,SbS„  etc. 

It  is  no  longer  believed,  however,  that  the  molecular  groups  CaO,  A1,0,,  etc., 
actually  exist  in  the  molecule  of  the  substance.  But  in  part  because  these 
groups  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

464.  Oxygen  Eatio. — In  the  case  of  certain  compounds,  more  especially  the 
silicates,  it  is  sometimes  regarded  as  convenient  to  take  note  of  the  oxygen 
ratiOy  that  is,  the  ratio  in  tlie  number  of  oiygen  atoms  conibiued  with  the 
several  elements,  basic  and  acid.  For  example,  the  formula  for  grossular  garnet 
given  above  is 

Ca,Al,Si.O.,  or  3CaO.Al,0..3SiO,. 

Here  the  oxygen  atoms  combined  with  the  basic  elements  (calcium  and 
aluminium)  and  the  acid  element  (silicon)  are 

3  :  3  :  6  or  1  :  1  :  2, 

or  again,  for  the  basic  elements  combined, 

3  -f  3  :  6  or  1  :  1. 

It  must  be  noted  that  the  oxygen  ratio  is  in  fact  the  ratio  of  the  total  valence 
of  the  elements  of  the  different  groups,  the  valence  being  measured  by  the 
combining  power  with  hydrogen,  while  the  oxygen  ratio  really  notes  the  com- 
bining power  with  oxygen. 

465.  Calculation  of  a  Formnla  from  an  Analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parte  of  the  mineral,  of  either  the  elements 
themselves,  or  of  theip  oxides  or  other  compounds  obtained  in  the  chemical 
analysis.     In  order  to  obtain  the  atomic  proportions  of  the  elements : 

Divide  the  percentages  of  the  elements  by  the  respective  atomic  weights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amounts  of  each  by  their 
holecular  weights;  then  find  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained. 

Example. — An  analysis  of  bourn  on  ite  from  Wolfsberg  gave  C.  Bromeis  the  results  under 
(1)  below.  These  perc-ntages  divided  by  I  he  respective  atomic  weights,  as  indicated,  give  tlie 
numbers  under  (2).  Finnlly  the  ratio  of  tliese  numbers  gives  very  nearly  1:8:1:1.  Hence 
the  formula  derived  ia  CuPbSbS«.  The  theoreiicul  vaiuea  called  fur  by  the  formula  are 
added  under  (4). 

(1)  (2)  (3)  (4) 


Sb 

8 

Pb 

Cu 

24  34  ~i-  120     =  0  208 
19-76  -^  8-3       =  0-617 
42-88  -i-  206-4  =  0-208 
13  00  -J-    68  2  =  0-207 

1 
8 

1 
1 

247 
19  8 
425 
18-0 

100  04 

100-0 

Second  RrampU. — The  mean  of  two  analyses  of  a  garnet  from  Alaska  gave  Kountzc  the 
results  un«ler  (1)  below.  Hf*re  ns  usual  the  perceninge  amounts  of  the  several  molecular 
irroups  (SiOt,  A1«Oi.  etc.)  are  given  in^tend  of  those  of  the  elements.  These  amounts 
divided  by  the  n'spective  molecu  ar  weights  give  the  numliers  under  (2).  In  this  care  the 
amonntH  of  the  protoxides  arc  tukeii  together  and  the  ratio  ihus  obtained  is  8  09  :  1  : 2  92, 
which  corresponds  nppnixtmately  to  the  formula  8FeO.  AlsOi.BSiOs,  or  PeiAU(8i04)«.  The 
■lagoesium  io  thia  garnet  would  ordinarily  be  explained  by  the  presence  of  the  pyrope 
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molecule  (Mg3Ala[Si04]s)  together  with  the  simple  almandite  molecule  whose  composition 

is  given  above. 

(1)  (2)  (3) 

SiO,  39  29  -i-  60     =  0655  309 

AlaO,  21-70  +  102   =  0-212  1 

Fe,0,  tr. 

FeO  30  82^71-9  =  0  429) 

MnO  1  -51  -f-  70-8  =  0  022  L  «.q  ^.^n 

MgO  5  26-^40     =0-132!"'^^^  ^  "^ 

CaO  1  99  -^  55  9  =  0  03d  J 

100-57 

It  is  necessary,  wheu  very  small  qunntities  only  of  certain  elements  (as  MnO,  MgO,  CaO 
above)  are  present  to  neglect  them  in  the  tinal  formula,  reckoning  them  in  with  tlie  elements 
which  they  noplace,  tliat  is,  with  those  of  the  same  quantivalence.  Thu  degree  of  c  Tre- 
spondence' between  the  analysis  and  the  formula  deduced,  if  the  latter  is  correctly  assumed, 
depends  entirely  upon  the  accuracy  of  the  former. 

456.  Isomorphism. — Cliemical  compounds  which  have  an  analogous  com- 
position and  a  closely  related  crystalline  form  are  said  to  be  isomoiyhous. 
This  phenomenon,  called  isomorphism,  was  first  clearly  brought  out  by  Mit- 
scherlich. 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  among 
the  minerals  described  in  the  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  ele- 
ments of  Art.  439,  attention  has  been  called  to  the  prominent  groups  among 
the  elements  which  form  analogous  compounds.  Thus  calcium,  barium,  and 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aiagonitc  Group.  Barile  Group. 

CaCO,,  aragonite.  Also        CaSO^,  anhydrite. 
BaCO,,  witherite.  BaSO^,  barite. 

SrCO,,  strontianite.  SrSO^,  celestite. 

PbCO,,  cerussite.  PbSO^,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  The 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  G0°  and  120°,  and"  corresponding  to  this 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twinning.  The  sulphates  also 
form  a  similar  orthorhombic  series,  and  though  anhydrite  deviates  somewhat 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  calcitim,  magnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition,  as  shown  in  the  list  of  the  species  of 
the  Calcite  Oroup  given  on  p.  353.  This  table  brings  out  clearly  the  close 
relation  in  form  between  the  species  named.  Incidentally,  as  an  example  of 
the  deviation  in  form  sometimes  observed,  it  is  to  be  noticed  that  dolomite 
(and  perhaps  others)  are  not  normally  rhombohedral  like  calcite,  but  belong  to 
the  phenacite  type  (p.  80). 

This  table  also  illustrates  another  essential  point  in  regard  to  an  isomor- 
phous series,  viz.,  the  presence  of  intermediate  members,  or  isomorphous  miz' 
hires  of  the  simple  compounds.  These  are  viewed  by  most  authors  as  due  to 
the  presence  of  both  molecules  crystallized  together,  usually  in  a  certain  definite 
ratio.  Thus  in  normal  dolomite,  (CaCO,)  and  (MgCO,)  are  both  present  in  the 
ratio  of  1:1,  atid  its  formula  is  CaMg(CO,),  or  CaCO,.MgCO,.  In  mesitite 
(MgCO,)  and  (FeCO,)  are  present  in  the  ratio  of  2  :  1;  its  formula  ia 
Mg,Fe(CO,),  or  2MgC0,.FeC0,.     If  it  is  not  desired  to  express  the  ratio  of 
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the  elements  present,  it  is  convenient  to  write  the  elements  together  in  a  paren- 
thesis separated  by  a  comma.  Tims  (Ca.Mg,Fe)CO,  would  mean  a  carbonate 
in  which  calcium,  magnesium,  and  iron  are  all  present. 

The  Apatite  Group  ionws  another  valuable  illustration  since  in  it  are 
represented  the  analogous  compounds,  apatite  and  pjromorphite,  both  phos- 
phates, but  respectively  phosphates  of  calcium  and  lead;  aUo  the  analogous 
lead  compounds  pyromorphite,  mimetite,  and  vanadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (RCl)  or  (BF)  enters  in  the  same  way  (see  Art.  453).  Thus  the 
formulas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows: 

(CaF)Ca.(PO.)„  (CaCl)Ca.(PO,).,  (PbCl)Pb,(PO.).. 

Some  of  the  more  importnnt  isomorphous  groups  are  mentioned  below.  For  a  discussion 
of  them,  as  well  as  of  many  <  Uhts  tliut  migbt  be  meniionetl  here,  reference  must  be  made 
to  the  descriptive  part  of  this  \v«  rk. 

Itomeiric  SyitUm.^lhii  S,*inei  group,  inchidiiig  sphiel.  MgAliOi :  also  mnguetite, 
cbromite,  frankliniie,  gabiiiie,  etc.  The  Gn lena  group,  ns  galena.  PbS;  atgentite,  AgsS, 
etc.     The  Garnet  group,  ns  grossulniite,  CnaAlsSiaOis.  etc. 

TetragoruU  8y$tsm. — Rtitile  ^>up,  including  niiib',  TiO»;  cnsMterite.  SnOj.  The 
Schetlite  group,  including  scbcelite,  CaWO«;  stolziie,  PbWO« ;  w«ilfenite.  PbMo04. 

Hfxagonal  System. — Apatite  group  alreiuly  nieniionefl.  including  apatite,  pyromorpbile, 
mimetite,  and  vanadiuite.     Corundum  ^roup.  conin<iuiii,  AliOa ;  bLmaiite,  Fi'sOi. 

Wiomjbo' edral  System. — Caleite  gn»up,  already  mentione<l.     i'lieuacite  group,  etc. 

Ortfiorhombic  Syhtem — Angonite  group,  and  Bnrite  group,  U)ib  mentioned  above. 
Chrysolite  group.  (.Mg.Fe)9Si04 ;  Topjiz  group,  etc. 

Mo  nocliii'e  System— Cty\i\Mirx^  gr'»u|>.  inrbniing  melanterile.  F1SO4  +  7  aq;  bieberite, 
C0SO4  -f-  7  aq.  etc.     Pyrox<'ne  and' An)phibole  groujw,  an  I  the  Mica  group. 

Monocltnic  and  Trielinic  Systemn. — Feldspar  gr«»up 

457.  l8om3rphoii8  Mixtures. — It  is  imi>ortant  to  note  that  the  interniediate 
compounds  in  the  case  of  an  isomorphous  series,  such  as  those  spoken  of  in  the 
preceding  article,  often  show  a  distinct  gradation  in  crystalline  form,  and  more 
particularly  in  physical  characters  (e.q.,  specific  gravity,  optical  properties,  etc.) 
This  is  illustrated  by  the  species  of  the  caleite  group  already  referred  to;  also 
still  more  strikingly  by  the  group  of  the  trielinic  feldspars  as  fully  discussed 
under  the  description  of  that  group.     See  further  Art.  406. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject, 
which  must  be  briefly  alluded  to  here.  The  trielinic  feldspars  have  been  shown 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying 
proportions : 

Albite,  NaAlSi,0,.  Anorthite,  CaAl,Si,0,. 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  pyroxenes, 
the  scapolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoclinic  orthoclase,  KAlSi,0,,  which,  though 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
trielinic  species. 

458.  Dimorphiim.  Isodimorphism. — A  chemical  compound,  which  crystal- 
lizes in  two  forms  genetically  distinct,  is  said  to  be  dhnorphous;  if  in  three, 
trimnrphous,  or  in  f^enernl  pleomorphous.     This  phenomenon  is  called  dimor« 

PHISM  or  PLEOMORPHI.SM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCO,),  which 
is  dimorphous:  appearing  iis  caleite  and  as  aragonite.     As  caleite  it  crystallizes 
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in  the  rhombohedral  system^  aiid^  unlike  as  its  many  crystalline  forms  are, 
they  may  be  all  referred  to  the  same  fundamental  rhombohedron,  and,  what  is 
more,  they  have  all  the  same  cleavage  and  the  same  specific  gravity  (2  7),  and, 
of  course,  the  same  optical  characters.  As  aragonite,  calcium  carbonate 
appears  in  orthorhombic  crystals,  whose  optical  characters  are  entirely  differ- 
ent from  those  of  calcite;  moreover,  the  specific  gravity  of  aragonite  (2'9)  is 
higher  than  that  of  calcite  (2*7). 

Many  other  examples  might  be  given:  Silica  (SiO,)  is  dimorphous;  appear- 
ing us  quartz,  rhombohedral,  G.  =  2*06;  as  iridt/miie,  hexagonal,  G.  =  2  3,  and 
perhaps  in  other  forms.  Titanium  dioxide  (TiO,)  is  trimorphous,  the  species 
being  called  rutile,  tetragonal  (6  =  0*6442),  G.  =  4*25;  ociahedrife,  tetragonal 
{6  =  1*778),  G.  =  3*9;  and  brookiie,  orthorhombic,  G.  =  4*15.  Carbon  appears 
in  two  forms,  in  diamond  and  graphite.  Other  familiar  examples  are  pyrite 
and  marcasite  (FeS,),  sphalerite  and  wurtzite  (ZnS),  etc. 

AY^hen  two  or  more  analogous  compounds  are  at  the  same  time  isomorphous 
and  dimorphous,  they  are  said  to  be  isodimorphous,  and  the  phenomenon  is 
called  ISODIMORPHISM.  An  example  of  this  is  given  in  the  Pyrite  and  Mar- 
casite groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group^. 
pyrite,  FeS,,  smaltite,  CoAs, ;  in  the  orthorhombic  Marcasite  Group,  marcas- 
ite, FeS,,  safflorite,  CoAs,,  etc. 

459.  Chemical  and  Microohemical  Analysis. — The  analysis  of  minerals  is  a 
subject  treated  of  in  chemical  works,  and  need  not  be  touched  upon  here 
except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods,  as 
described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
under  the  microscope  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Borioky,  Haushofer,  Behrens, 
Streng,  and  others.  Keference  is  made  to  the  di8cui^6ion  by  Rosenbusch 
(Mikr.  Phys.,  1892,  p.  259  et  seq.,  also  the  list  of  authors  on  p.  212,) 

460.  Mineral  Synthesis. — The  occurrence  of  certain  mineral  compounds 
{e.g.,  the  chrysolites)  among  the  products  of  metallurgical  furnaces  has  long 
been  noted.  But  it  has  ouly  been  in  recent  years  that  the  formation  of 
artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
successful,  and  now  it  may  be  stated  that  the  majority  of  common  minerals — 
quartz,  the  feldspars,  amphibole,  mica,  etc. — have  been  obtained  in  crystallized 
form.  Even  the  diamond  has  been  formed  in  minute  crystals  by  Moissan. 
These  studies  are  obviously  of  great  importance  particularly  as  throwing  light 
upon  the  method  of  formation  of  minerals  in  nature  {e,g.,  the  diamond). 
The  chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  men- 
tioned in  the  Introduction,  p.  4. 

461.  Alteration  of  Minerals.  Pseudomorphs. — The  chemical  alteration  of 
mineral  species  under  the  action  of  natural  agencies  is  a  subject  of  great 
importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
original  composition  into  some  other  equally  definite  <*omponnd.  A  crystal- 
lized Tiineral  which  has  thus  suffered  change  so  that  its  form  no  longer 
belongs  to  its  chemical  composition  has  already  been  defined  (Art.  252.  p.  144) 
as  a  psevdomorph.  It  remains  to  describe  more  fully  the  different  kinds  of 
pseudomorphs.     Pseudomorphs  are  classed  under  several  heads: 

1.  Pseudomorphs  by  snhstilution. 

2.  Pseudomorphs  by  simple  deposition^  and  either  by  {a)  incrustaiion  or 
{h)  infiltration. 
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3.  Pseudomorphs  by  alteration  ;  and  these  may  be  altered 
(a)  without  a  change  of  composition,  by  paramorphisfn; 
'b)  by  the  loss  of  an  ingredient; 

[c)  by  the  assumption  of  a  foreign  substance; 

(d)  by  a  partial  exchange  of  constituents. 

1.  The  first  chiss  of  pseudomorphs,  by  subffttttitton,  embraces  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however,, 
any  chemical  reaction  between  the  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
silica.  The  first  step  in  the  process  was  the  filling  of  the  pores  and  cavities: 
•by  the  silica  in  solution,  and  then  as  the  woody  fiber  Ly  gradual  decomposition 
•disappeared  the  silica  further  took  its  place.  Other  examples  are  quartz  after 
:flnorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase;  native 
<x>pper  after  aragonite,  etc. 

2.  Pseudomorphs  by  incrustation  form  a  less  important  class.  Such  are- 
the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second,. 
«o  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In 
pseudomorphs  by  infiltration  a  cavity  made  by  the  removal  of  a  crystal  has 
been  filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  includes  a  considerable- 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con< 
•elusive  evidence  of  the  chanore  which  has  gone  on  is  often  furnished  by  a 
nucleus  of  the  original  mineral  in  the  center  of  the  altered  crystal — e.g.,  a 
Icernel  of  cuprite  in  a  psendomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  psendomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorphisfn—thut  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance— is  fiirniehed  by  the  change  of 
aragonite  to  calcite  (both  GaCO,)  at  a  certain  temperHture;  also  the  para^ 
-morphe  of  rutile  after  brookite  (both  TiO,)  from  Magnet  Cove,  Arkansas.* 

(b)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  native  copper  in  the  form, 
of  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite — e.g.,  the  familiar  crystals  from 
Chessy,  France — an  instance  is  afforded  of  the  assumption  of  an  ingredient — 
Tic,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

{d)  A  partial  exchange  of  constituents — in  other  words,  a  loss  of  one  and 
gain  of  another — takes  place  in  the  change  of  feldspar  to  kaolin,  in  which  the 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena, 
are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under  which 
they  have  been  formed.  For  the  literature  of  the  subject  see  the  Introduction, 
p.  3  (Bhim,  Bischof,  Rotli,  etc.).  As  typical  studies  of  special  cases  the 
following  articles  are  referred  to: 

Oenth.     Corundum,  cic.     Am.  Pliil.  Soc.  Philad..  13,  861.  1878. 
J.  D.  Dana.     SerpcDtiiie  peeiidomorpiiH.  Tilly  Foster  miiu>.     Am.  J.  So  ,  8,  871,  1874. 
Bmahaud  Dana.     SpcHliimtiie.  etc.,  Bmncltvllle,  Ct.     Am.  J.  Sc,  20,  257,  1880. 
Sohranf.     SerpcDtiue  of  Bohemia.     Zs.  KrysL.  6,  821,  1882. 
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CHEMICAL  EXAMINATION  OF  MINERALS. 

462.  The  complete  investigation  of  the  chemical  composition  of  a  min- 
eral includes,  first,  the  identification  of  the  elements  present  by  qualitative^ 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  by 
quantitative  analysis,  from  which  last  the  formula  can  be  calculated.  Both, 
processes  carried  out  in  full  call  for  the  equipment  of  a  chemical  laboratory. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  mado' 
quickly  and  simply  with  few  conveniences.  The  methods  employed  involve 
either  (a)  the  use  of  acids  or  other  reagents  "in  the  wet  way,"  or  (b)  the  use 
of  the  blowpipe,  or  of  both  methods  combined.  Some  practical  instructions 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY. 

463.  Keagents,  etc — The  most  commonly  emploved  chemical  reagents  are^ 
the  three  mineral  acids,  hydrochloric,  nitric,  and  sulphuric  acids.  To  these  may 
be  added  ammonia,  also  solutions  of  barium  chloride,  silver  nitrate,  ammonium, 
molybdate,  ammonium  oxalate;  finallv,  distilled  water  in  a  wash-bottle. 

A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  disli 
with  a  handle  called  a  casserole;  further,  a  glass  funnel  and  filter-paper. 
The  Bunsen  gas-burner  (p.  256)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  take  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
and  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 

In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  be 
noted  are:  (I)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  (a)  a  solution  is  obtained  quietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (h)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

464.  Solubility. — In  testing  the  degree  of  solubility  hydrochloric  acid  is 
most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  required.  Less, 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  triiil  is  usually  made  in  a  test-tube,  and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.     In  most  cases  the  heat  of  the  Bunsen  burner  must  be  employed. 

(a)  Many  minerals  are  completely  soluble  without  effervescence ;  among 
these  are  some  of  the  oxides,  as  hematite,  limonite,  gothite,  etc.;  some  sulphates,, 
many  phosphates  and  arsenates,  etc.  Gold  and  platinum  are  soluble  only  in 
aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtained  if  much  iron  is  present:  a  bine  or 
greenish-blue  solution  (turning  deep  blue  on  the  addition  of  ammonia  in 
excess)  from  compounds  of  copper;  pink  or  pale  rose  from  cobalt,  etc. 

(b)  Solubility  with  effervescence  takes  place  when  the  mineral  loses  a. 
gaseous  ingredient,  or  when  one  is  generated  by  the  mutual  reaction  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  gas  carbon  dioxide  (CO,),  though 
some  of  them  only  when  pulverized,  or,  again,  on  the  addition  of  heat.  lib 
applying  this  test  dilute  hydrochloric  acid  is  employed. 
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Sulphureied  hydrogen,  or  hydrogen  sulphide  (H^S),  is  evolved  by  some- 
sulphides  when  dissolved  in  hydrochloric  acid:  this  is  true  of  sphalerite^ 
stibnite,  etc.     This  gas  is  readily  recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO,)  is  given  off,  in  the  form  of  red  suffocating  fumes> 
by  many  metallic  minerals,  and  also  some  of  the  lower  oiides  (cuprite,  etc.)^. 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  insoliMe  ingredient  takes  place:  With  many 
fiilicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
chloric acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness* 
With  a  considerable  number  of  silicates  the  gelatinization  takes  place  only 
after  ignition;  while  some  others,  which  ordinarily  gelatinize,  are  rendered, 
insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  sulphur  takes  place  when, 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydrochloric- 
acid  with  the  separation  of  the  oxides  of  the  elements  named  (TiO,,  WOJ. 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  tne- 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however,, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (SnOJ  separates  as  a  white  powder.  A  corresponding  reaction  takes 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony. 

Insoluble  Minerals, — A  large  number  of  minerals  are  not  sensibly  attacked 
by  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
Corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
gyrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
phates, as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite,. 
amblygonite;  also  the  borate,  boracite. 

465.  Examination  of  the  Solution. — If  the  mineral  is  difficultly,  or  only 
partially,  soluble,  the  question  as  to  solubility  or  insolubility  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  by  the  precipitate  yielded,  for  example,  on  the  addition 
of  ammonia  to  the  liquid  filtered  off  from  the  remaining  powder.  Tho 
further  examination  of  the  solution  yielded,  whether  from  partial  or  complete 
solution,  after  the  separation  by  filtration  of  any  insoluble  residue,  requires 
the  systematic  laboratory  methods  of  qualitative  analysis. 

It  may  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  is  shown  by  tlie  precipitation  of  a  heavy  white  powder  of  barium  • 
sulphate  (BaSOJ  when  barium  chloride  is  added.  The  presence  of  silver  in 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (AgCl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again,  phosphorus  may  be  detected   if  present,  even  in  small  quantity,. 
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in  a  nitric  acid  solution  of  a  mineral  by  the  fine  yellow  powder  which  separatei, 
aometimes  after  standing,  when  ammonium  molybdate  has  been  added. 


EXAMINATION  BY  MEANS  OF  THE  BLOWPIPE.* 

466.  The  use  of  the  blowpipe,  in  skilled  hands,  gives  a  quick  method  of 
obtaining  a  partial  knowledge  of  the  qualitative  compoGition  of  a  mineral, 
^he  apparatus  needed  iucludes  the  following  articles: 

Blowpipe,  lamp,  platinum-pointed  forcepa,  platinum  wire,  charcoal,  glass 
tubes;  also  a  small  uammer  with  sharp  edges,  a  steel  anvil  an  inch  or  two 
long,  a  hoFEeehoe  magnet,  a  small  agate  mortar,  a  pair  of  cutting  pliers,  a 
three-cornered  file. 

Further,  teat-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boies  the  flnies:  borax  (sodium  tetraborate), 
«oda  {anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  salt 
<sodinm-ammonium  phosphate),  acid  potassium  sulphate  (HKSO  );  also  a 
Motion  of  cobalt  nitrate  in  a  dropping  oulb  or  bottle;  further,  the  three  acids 
mentioned  in  Art.  463. 

467.  Blowpipe  and  lAinp.~>A  good  form  of  blmepipe  is  shown  in  Fig.  570. 
5i}{)  The  air-chamber,  at  a,  is  ef<sential  to  stop  the  condensed 

moisture  of  the  breath,  but  the  tip  (b),  of  platinum  or  of 

T  brass,  though  convenient  is  not  essential,  and  many  will 
prefer  to  do  witbont  the  mouthpiece  (c). 
The  most  convenient  form  of  ^amu  is  that  furnished 
by  an  ordinary  Bnnsen  gas-burner  f  (Fig.  571),  provided 
with  a  tube,  b,  which  when  Inserted  cnts  off  the  air  supply 
at  a;  the  gas  then  burns  at  the  top  with  the  usual  yellow 
" This  flame  should  be  one  to 


The 


one  and  a  half  inches  high, 
tip  of  the  blowpipe  is  held  near  (or 
just  within  the  Same,  eee  beyond), 
and  the  air  blown  through  it  causes 
the  flame  to  take  the  eiliapc  shown  in 
Figs.  573,  574. 

It  is  necessary  to  learn  to  blow 
continuously,  that  is,  to  keep  up  a 
blast  of  air  from  th^  compressed 
reservoir  in  the  niouth-ciivity  while 
respiration  is  maintained  through 
the  nose.  To  accomplish  this  suc- 
cessfully and  at  the  same  time  to 
produce  a  clear  flame  without  un- 
necessary fatiguing  effort  calls  for  some  practice. 

•  Tlie  Bubji'ct  of  Ibe  blowpipe  and  its  use  ia  Ircated  very  briefly  iu  tli Ik  place.  The 
BtudeDl  wlio  wielies  to  be  fully  infornird  not  only  in  regnrd  to  Uie  use  i>f  ibc  vsriona 
Instruments,  but  nlso  ns  to  )tl1  the  vfiliinlile  rvnrtions  praciicully  UHefiil  in  the  idi'iillficailon 
«f  iniiifmis,  aliould  L-onsnlt  a  mnnunl  on  llie  siiliject.  '■'he  Hntiual  of  Delermi native 
Mineralogy,  wiib  iiii  inirotiiiciinn  on  Blowpi|ie  Aniilysis.  by  Qe*)rgp  J.  Briisli;  rc»i«c(t  and 
«nlarpeil  by  Siiinuel  L.  Penficlil  (New  Yorh.  1896).  is  piilieulHrly  lo  be  recnm mended. 
Anolber  recpnt  woric  U  llic  Mnniinl  of  Quslllntive  Blowpipe  Analysis  and  Dt  term  (native 
Mineralogy  by  P.  M.  Endllch  (New  York.  ie»3). 

I  Instead  of  tbls,  a  good  sieario  candle  will  anawer,  or  an  oil  Qame  witli  flat  wick. 
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When  the  tube,  b,  is  removedy  the  gas  barns  with  a  colorless  flame  and  is 
used  for  heating  glass  tubes,  test-tubes,  etc.    An  alcohol  lamp  will 
«erTe  the  same  purpose.  672. 

468.  Forceps,  wire.— The  forceps  (Fig.  572)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring  strong  enough  to  8up}>ort 
firmly  the  small  fragment  of  mineral  t^tween  the  platinum  points 
At  d.    The  steel  points  at  the  other  end  are  used  to  pick  up  small 

£ieces  of  minerals,  but  must  not  be  inserted  in  the  flame.  Care  must 
0  taken  not  to  injure  the  platinum  bv  allowing  it  to  come  in  contact 
-with  the  fused  miueral,  especially  if  tLis  contains  antimony,  arsenic, 
lead,  etc 

The  platinum  wire  required  should  be  of  the  size  designated 
No.  27.  A  piece  of  platinum-foil  is  often  useful;  also  a  small 
platinum  spoon. 

469.  ChareoaL — The  charcoal  employed  should  not  snap  and 
should  yield  but  little  ash;  the  kinds  made  from  basswood,  pine  or 
willow  are  best.  It  is  most  conveniently  emploved  in  rectangular 
pieces,  say  four  inches  long,  an  inch  wide,  and  three-quarters  of  an 
inch  in  thickness.  The  surface  must  always  be  perfectly  clean 
before  each  trial. 

Instead  of  charcoal  a  support  of  the  metal  aluminium,  as  suggested  by  Boss, 
is  used  by  some  workers  with  good  results. 

470.  Olaas  Tubes. — The  glass  tubes  should  be  of  rather  hard  glass  and  say 
one*sixth  to  one-quarter  of  an  inch  in  interior  diameter.  The  smaller  size  is 
suitable  for  the  closed  tubes;  these  are  simply  made  by  heating  a  piece  six 
inches  long  in  the  middle  and  then  drawing  the  ends  apart,  the  long  ends  being 
fused  and  pinched  ofi.  The  larger  size  serves  for  open  tubes,  which  may  be 
^ve  inches  or  so  in  length. 

471.  Blowpipe  Flame.— The  blowpipe  flame,  shown  in  Figs.  573,  574,  con- 
sists of  two  cones:  an  inner  of  a  bine  color,  and  an  outer  cone  which  is  nearly 
invisible.  The  heat  is  most  intense  jnst  beyond  the  extremity  of  the  blue 
flame,  and  the  mineral  is  held  at  this  point  when  \\a  fusibility  is  to  be  tested. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.);  it  is  chanicterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gjis  to  be  com- 
bined with  it,  and  Inis  hence  an  oxidizing  effect  upon  the  assay  This  flame  is 
best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little  in  the  gas 
flame  (see  Fig.  573);  it  should  be  entirely  non-luminous.  The  mineral  is  to 
be  held  at  d. 

The  inner  flame  is  called  the  reducing  flame  (R.F.);  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high  tem- 
perature present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 

573.  674 


it  (at  d)y  or,  in  other  words,  to  reduce  it.  The  best  reducing  flame  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retain 
the  yellow  color  of  the  latter  on  its  upper  edge  (see  Fig.  574). 
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472.  Methods  of  Examination. — The  blowpipe  investigation  of  niineral? 
includes  their  examination,  (1)  in  the  platinum-pointed  forceps,  (2)  in  the 
closed  and  the  open  tubes,  (3)  on  charcoal  or  other  support,  and  (4)  with  the 
fluxes  on  the  platinum  wire. 

1.  Examination  in  the  Forceps. 

473.  Use  of  the  Forceps. — Platinum-pointed  forceps  are  employed  to  hold 
the  fragment  of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  when 
the  presence  of  a  volatile  ingredient  which  may  give  the  flame  a  characteristic 
color  is  tested  for,  etc. 

The  following  pnictical  points  must  be  regarded  :  (1)  Metallic  mineral,  especially  tliose 
coutaiuing  arseuic  or  antimony,  wbicli  when  fused  might  injure  the  platimnn.  should  tirst 
be  examined  on  charcoal*;  (2)  the  fragment  taken  should  be  thin,  and  as  suialj  ns  ran  con- 
veniently be  held,  with  its  edge  proiectin?  well  beyond  the  points ;  (3)  when  decrepitation, 
takes  place,  the  heat  must  be  applied  slowly,  or,  if  this  does  not  prevent  it.  the  mineral  may 
be  powdered  and  a  paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  th& 
platinum  wire  ;  ortlie  paste  may,  with  the  same  end  in  view,  be  healed  on  charcoal ;  (4)  the 
fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just 
beyond  the  extremity  of  the  blue  cone. 

474.  Fusibility. — All  grades  of  fusibility  exist  among  minerals,  from  those 
which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see  below) 
to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe  flame 
(bronzite);  and  still  again  there  are  a  considerable  number  which  are  entirely 
infusible  (e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom-^ 
plished  (cf.  Art.  413,  p.  232),  and  for  purposes  of  determination  of  species  it  i» 
unnecessary.  The  approximate  relative  degree  of  fusibility  is  readily  fixed  by 
referring  tne  mineral  to  the  following  scale,  suggested  by  yon  Kobell : 

1.  Stibnite.  4.  Actinolite. 

2.  Natrolite.  5.  Orthoclase. 

3.  Almandite  Garnet.  6.  Bronzite. 

476.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena, 
may  be  observed  •  (a)  coloration  of  the  flame  (see  Art.  476) ;  {b)  swelling  up 
{eiWhilQ),  ov  exfoliation  oi  the  mineral  (vermiculite);  or  (c)  glowing  without 
fusion  (calcite);  and  (d)  intumescence,  or  a  spirting  out  of  the  mass  as  it 
fuses  (scapolite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted ;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is  obtained,, 
or  a  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not  (due  to- 
iron,  less  often  nickel,  cobalt),  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  with 
the  cobalt  solution  and  again  ignited,  in  which  case,  if  it  turns  blue,  this, 
indicates  the  presence  of  aluminium  (as  with  cyanite,  topaz,  etc.);  but  note 
that  zinc  silicate  (calamine)  also  assumes  a  blue  color.  If  it  becomes  ;n'n^,  this 
indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  placed 
upon  a  strip  of  moistened  turmeric  paper,  in  which  case  an  alkaline  reaction 
proves  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earthy 
calcium,  magnesium,  barium,  strontium. 

♦  Arsenic,  anthnony,  and  easily  reducible  metals  like  lead,  also  copper,  form  more  or 
less  fusible  alloys  with  platinum. 
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478.  FlaflM  Colfffitian  —The  color  cfien  inij^rt<H!  to  the  out  or  blowpipe 
fLame,  while  the  miDeral  held  in  the  forceps  is  being  healed,  makes  |x>ssible 
the  ideiitifi  cation  of  a  unmber  of  the  eJ  em  en  is. 

The  colors  which  may  be  produced,  and  the  substjinces  to  whose  pre^n«^ 
4;hej  are  due,  are  as  follows: 

Oolcr.  Sxibnta .  oe. 

Otrntih^-rtd Lithium. 

FyrpU  red Sln>Diiuin. 

Orauffe-rtd Calcium. 

Tellott Sodium. 

Tcllowiiih  green Barium. 

Sukiuegrten B<»roii. 

EmeraM-greeu Oxide  of  copper. 

Bluuh  green Pbu^pboric  acid  (pbospbatee). 

Greenitk  Hue Antimony. 

WhttiiJi  blue Arsenic 

Azure-Hue .  Chlori<ie  of  copper;  also  s^lenimu, 

Violet .  Potassium. 

A  yellowisb-^reeu  flume  is  also  given  by  ilie  o.\i<1e  or  sulphide  of  molybdenum  ;  a 
l>luisb  green  flame  (in  streaks)  by  zinc;  a  pale  bluish  flame  by  tellurium;  n  blue  flnme  by 
lend. 

477.  Hotas,— Tbe  presence  of  soda,  even  in  small  qnnntiiies.  puxiuces  a  yt How  fbimo, 
which  (exce|>t  in  ihc  spectrosco|>e)  more  or  less  compleiely  mn^ks  the  colomiion  of  the 
flame  due  toother  sulsstaoces,  eg.,  )x>lassium.  Tlie  use  of  a  wedge  of  blue  jrlass  then 
allows  the  characteristic  violet  color  to  be  observed.  Silicjites  are  ofien  so  dilticulily 
decomposed  that  no  distinct  color  is  obtainetl  even  when  the  substance  is  pi-esent;  in  such 
•cases  {e.g.,  |X)ta8h  feldspar)  the  p*)w<lered  mineral  may  be  fusid  on  the  platinum  wire  with 
an  equal  volume  of  gypsum,  when  the  flame  can  be  seiMi  (at  least  through  blue  glniui). 
Again,  u  silicate  like  tourmaline  fused  with  a  mixture  of  fluorito  and  acid  potasnium 
sulphaie  yields  1  lie  characteristic  green  flame  of  bon)n.  Phosphates  anil  Imralcs  give  the 
^een  flame  in  genend  best  when  they  have  been  pulverized  and  moistened  with  sulphuric 
acid.  MoiMtening  with  hydrochloric  acid  makes  the  coloration  in  many  cases  (as  with  the 
<arl)onate8  of  calcium,  barium,  strontium)  more  distinct. 


• 


2.  Heating  in  the  Closed  and  Open  Tubes. 

478.  The  tubes  are  useful  chiefly  for  examining  niinenils  contHining 
Tolatile  ingredients,  given  off  at  the  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  tube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  HtagCH  of 
the  process.  In  the  open  tube,  on  the  other  hand,  a  continual  stream  of  1iot 
air,  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

479.  Closed  Tube. — A  small  fragment  is  inserted,  or  a  small  amount  of 
the  powdered  mineral — in  this  case  with  carp  not  to  soil  the  sides  of  the  tube — 
and  heat  is  applied  by  means  of  the  ordinary  Bunsen  flame.  The?  prosenoe  of 
a  volatile  ingredient  is  ordinarily  shown  by  the  dejmsit,  or  Huhlimatv,  uj»on  tho 
tube  at  some  distance  above  the  assay  where  the  tube  is  relativcdy  cool. 

Independent  of  this,  other  phenomena  may  be  noted,  nam<dy:  (iwrppitd" 
Hon,  as  shown  by  flnorite,  calcite,  etc.;  (jhwiiuj,  as  exhibited  by  gadolinifo; 
phosphorescence,  of  which  fluorite  is  an  example;  chnnt/e  of  color  (limoniin), 
and  here  the  color  of  the  mineral  should  he  noted  \x)i\\  when  hot,  and  attain 
after  cooling;  fusion;  giving  off  oxjifjen,  as  mercuric  oxide;  yielding  (ifitl  or 
alkaline  vajwrs,  which  should  l>e  tested  by  inserting  a  strij)  of  wumivwviX 
Jitmns  or  turmeric  paper  in  the  tulje. 
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Of  the  suhlimates  which  form  in  the  tube^  the  following  are  those  with 
which  it  is  most  important  to  be  familiar: 

Substance.  Sub' imate  in  the  Closed  Tube. 

Water  (H9O) Colorless  liquid  drops. 

Sulphur  (S) Red  to  deep  yellow,  liquid;  pale  yellow,  solid. 

Tellurium  dioxide  (TeO«) Pale  yellow  to  colorless,  liquid;  colorless  or  white,  solids 

Arseuic  sulphide  (As^Si) Dark  red,  liquid;  reddish  yellow,  solid. 

Aulimony  oxysulphide  (SbjSiO)  Black  to  reddish  brown  ou  cooling,  solid. 

Arsenic  (As) Black,  brilliant  metallic  to  gray  crystalline,  solid. 

Mercury  sulphide  (HgS) Deep  black,  red  when  rubbed  very  fine. 

Mercury  (Hg) Gray  metallic  globules. 

In  addition  to  the  above:  Tellurium  gives  black  fufiblc  globules;  selenium  the  same,  bat 
in  part  daik  red  when  very  smuU;  the  chloride  of  lead  and  oxides  of  arsenic  and  antimony 
give  white  solid  sublimates. 

480.  Open  Tabe. — The  small  fragment  is  placed  in  the  tube  about  an  inch 
from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not  enough 
to  cause  the  mineral  to  slip  out,  and  heat  applied  beneath.  The  current  of 
air  ptissing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  sublimate  Bind  the  odor  of  the  escaping  gases.  The  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  Fluorides^ 
when  heated  in  the  open  tube  with  previously  fused  salt  of  phosphorus,  yield 
hydrofluoric  acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar 
pungent  odor,  and  corrodes  the  glass. 

The  more  important  sublimates  are  as  follows: 

8ab8t<(noe.  Sublimate  In  the  Open  Tube. 

Arsenic  trioxide  (AstOa) White,  crystalline,  volatile. 

Antimony  antiuionate  (SbtO«)  Btraw-yellow,  hot ;  white,    cold.     Infusible.  non-volaffle». 

amorphous.     Obtained  from  stibnite.   also  the  snlph-^ 

antimonites  (e.g.,  bonrnonite)  as  dense  white   fumes. 

Usually  accompHnied  by  the  folldWing: 
Antimony  trioxide  (8b,0s). ..  White,  crystallino.  slowly  volatile.     Prom  native  antimoDy- 

and  compounds  not  containing  sulphur.* 

Tellurium  dioxide  (TeO,) White  to  pale  yellow  globules. 

Selenium  dioxide  (SeOs) White,  crystalline,  volatile. 

Molybdenum  trioxide  (MoOa)  Pale  yellow,  hot;  white,  cold. 

Mercury  (Hg). Gray  metallic  globules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation,  snbH* 
mates,  like  those  of  the  closed  tubes,  may  be  formed,  especially  with  sulphur  (yeMow\  arwnfc- 
(black).  arsenic  sulphide  (orange),  mercury  sulphide  (black),  antimony  oxysulphide  (black, 
to  reddish  brown). 

3.  Heating  on  Chakcoal. 

481,  The  frasniient  (or  powder)  to  he-examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  parses  alongf  its  len^h;  a  slisrbt 
ridge  to  prevent  the  mineral  beinsf  blown  off  is  sometimes  useful.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  reduce  a  metal  (e.ff.t 
silver, copper)  from  its  ores:  this  is  the  common  case.    If,  however,  the  mineral* 

*  The  distinction  h«*re  made  is  important;  cf.  Penfield,  revised  edition  of  Brush't  Detei^ 
ninaiive  Mineralogy,  189<L 
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is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and! 
volatilize^  for  example,  the  sulphur,  arsenic,  antimony  present,  the  oxidizing: 
flame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 
The  points  to  be  noted  are  as  follows: 

(a)  The  odor  given  off  after  short  heating.  In  this  vuy  the  presence  of 
sulphur,  arsenic  (garlic  or  alliaceous  odor)^  and  selenium  (odor  of  decayed 
horseradish)  may  be  recognized. 

(b)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium.     (Art.  484.) 

(d)  The  Sublimate.-^By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N)  and 
at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 

Substanoa.  Su' limate  onCThArooal. 

Arsenic  trioxidc  (AsiOs) White,   very  volatile,  distant  from  the  ussny;  also 

garlic  fumes. 

ADtimony  oxides  (SbsOi  and  SbsOi)  Dense  white,  volatile;  forms  Dear  the  assay. 

ZiDC  oxide  (ZuO) Canary-yellow,    hot;    white,   cold;    moistened    with 

cobalt  nitrate  and  ignited  (O.F.)  becomes  green. 

Molybdenum  trioxide  (MoOs) Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

with  the  R.F.  be<'omes  azure-blue.     Also  a  copper* 
red  sublimate  (MoOs)  near  the  ass»iy. 

Lead  oxide  (PbO) Dark  yellow,   hot;    pale  yellow,  cold.     Also  (from* 

sulpitides)  dense  white  (resembling  antimony),  a- 
mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 

Bismuth  trioxide  (Bi«Oa) Dark  oranfl[e-yellow  iN),  paler  on  cooling;  also  bluish. 

white  (D).     See  further,  p.  265. 

Cadmium  oxide  (CdO) Nearly  blnck  to  reddish  brown  (N)  and  orange  yellow 

(D);  often  iridescent. 

To  the  above  are  also  to  be  added  the  following: 

Selenium  dioxide  SeO«.  sublimate  steel-grnv  (N)  to  white  tinged  with  red  (D);  touched 
with  R  F.  crives  an  azure-blue  flame:  also  nn  ofFensive  selenium  odor. 

Tellurium  dioxide,  TeOs.  sublimate  dense  white  (N)  to  gray  (D);  in  R.F.  volatilizes 
with  irreen  flame. 

Tin  dioxide.  SttO,,  sublimate  faint  vellow  hot  to  white  cold;  becomes  bluish  green 
when  moistened  with  cobalt  solution  and  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish. 

(e)  Hie  Infusible  Residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
catins:  the  presence  of  calcium^  strontium,  magnesium,  zirconium,  zinc,  or  tin» 
(2)  It  may  give  an  alkaline  reaction  after  ignition:  alkaline  earths.  (3)  It 
mav  be  mai^netic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  yield 
a  globule  or  mass  of  a  metal  (Art.  482). 

482.  Heduction  on  CharcoaL — In  many  cases  the  reducing  flame  alone 
suffices  on  charcoal  to  separate  the  metal  from  the  volatile  element  present, 
with  the  result  of  giving  a  globule  or  metallic  mass.  Thus  silver  is  obtained 
from  areentite  (Asr,S)  and  cerargyrite  (AgCl^;  copper  from  chalcocite  (Cu.S) 
and  cuprite  (Cu.O).  etc.  The  process  of  reduction  is  always  facilitated  by  the 
use  of  soda  as  a  flux,  and  this  is  in  many  oises  (sulpharsenites,  etc.)  essential. 

The  finelv  pulverized  mineral  is  intimatolv  nixed  with  soda,  and  a  drop  of 
wafer  added  to  form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and 
«nb]Act*»d  to  a  strong  redncine  flame.  More  soda  is  added  as  that  present 
sinks  into  the  coal,  and,  after  the  process  has  been  continued  some  time,  a 
metallic  globule  is  often  visible^  or  a  nnmber  of  them^  which  can  be  removed 
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-and  separately  examined.  If  not  distinct,  the  remainder  of  the  flux,  the  assay, 
and  the  surrounding  coal  are  cut  out  witli  a  knife,  and  the  whole  ground  up 
in  a  mortar,  with  the  addition  of  a  little  wfiter.  The  charcoal  is  carefully 
washed  away  and  the  metallic  globules,  flattened  out  by  the  process,  remain 
behind.  Some  metallic  oxides  are  very  readily  reduced,  as  lead,  while  others, 
•as  copper  and  tin,  require  considerable  skill  and  care. 

The  metals  obtained  (in  globules  or  as  a  metallic  mass)  may  be:  iron, 
nickel,  or  cobalt,  recognized  by  their  being  attracted  by  the  magnet;  copper, 
color  red;  bisninfh,  lead-gray,  brittle;  gold,  yellow,  not  soluble  in  nitric  acid; 
silver,  white,  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipitate (p.  255);  /m,  white,  harder  than  silver,  soluble  in  nitric  acid  with 
separation  of  white  powder  (SnO,);  lead,  lead -gray  (oxidizing),  soft  and 
fusible.  The  coatings  (see  the  list  of  sublimates  above)  often  serve  to  identify 
the  metal  present. 

The  metals  obtained  may  be  also  tested  with  borax  on  the  platinum  wire. 

483.  Detection  of  Sulphur  in  Sulphates.— By  means  of  soda  on  charcoal 
the  presence  of  sulphur  in  the  sulphates  may  be  shown,  though  they  do  not 
yield  it  upon  sii:  [)le  heating.  AVhen  soda  is  fused  on  charcoal  with  a  com- 
pound of  sulpiiur  (sulphide  or  sulphate),  sodium  sulphide  is  formed,  and  if 
much  sulphur  is  present  the  mass  will  have  the  hepar  (liver- brown)  color.  In 
any  case  the  presence  of  the  sulphur  is  shown  by  placing  the  fused  mass  on  a 
-clean  surface  of  silver,  and  adding  a  drop  of  water;  a  black  or  yellow  stain 
of  silver  sulphide  will  be  formed.  Illuminating  gas  often  contains  sulphur, 
:and  hence,  when  it  is  used,  the  soda  should  be  first  tried  alone  on  charcoal, 
.»nd  if  a  sulphur  reaction  is  obtained  (due  to  the  gas),  a  candle  or  lamp  must 
be  employed  in  the  place  of  the  gas. 

484.  It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility 
or  infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  dear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal.  Many 
4Bilicates,  though  alone  difficultly  fusible,  dissolve  in  a  little  soda  to  a  clear 
^lass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese,  when 
present  even  in  minute  quantities,  gives  a  bluish-green  color  to  the  soda  bead. 

4.  Treatment  on  the  Platinum  Wire. 

486.  Use  of  the  Fluxes. — The  three  common  fluxes  are  borax,  salt  of 
|)hosphorus,  and  carbonate  of  soda  (p.  254).  They  are  generally  used  with  the 
platinum  wire,  less  often  on  charcoal  (see  p.  260).  If  the  wire  is  employed  it 
must  have  a  small  loop  at  the  end  ;  this  is  heated  to  redness  and  dipped  into 
"the  powdered  flux,  and  the  adhering  particles  fused  to  a  bead ;  this  operation 
18  repeated  until  the  loop  is  filled.  Sometimes  in  the  use  of  soda  the  wire  may 
«t  first  be  moistened  a  little  to  cause  it  to  adhere. 

Wiien  the  bead  is  ready  it  is,  while  hot,  brought  in  contact  with  the  pow- 
dered mineral,  some  of  which  will  adhere  to  it,  and  then  the  heating  process 
may  be  continued.  Very  little  of  the  mineral  is  in  general  required,  and  the 
experiment  should  be  commenced  with  a  minute  quantity  and  more  added  if 
necessary.  The  bead  must  be  heated  successively  first  in  the  oxidizing  flame 
(O.F.)  aud  then  in  the  reducing  flame  (R.F.),  and  in  each  case  the  color  noted 
"when  hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  sulphur  or  arsenic,  or  botb,  must  be  first  roasted  (see  p.  d61)  till 
these  substances  have  be6Q' volatilized.    If  too  much  of  the  mineral  has  been  added  and  tha 
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(bead  is  hence  too  optique  to  show  the  color,  it  may,  wbilc  hot,  be  llatteDcd  out  with  the 
iiammer,  or  drawn  out  into  a  wire,  or  purl  of  it  luuy  ha  removeil  and  the  reiuainder  diluted 
with  more  of  the  flux. 

With  salt  of  pliosphorus.  the  wire  should  be  held  above  the  flame  so  that  the  escaping 
gases  may  support  tbe  bead;  tliis  is  coutiuued  till  quiet  fusiou  is  aitaiued. 

It  is  to  be  uoted  that  tbe  colois  vary  much  \%iih  the  umouut  of  material  pi-eseDt;  they 
are  also  motlified  by  the  presence  of  other  nieials. 

486.  Borax. — Tlie  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (R.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  the  colors  are  due.  Com- 
pare further  the  reactions  giyen  in  the  list  of  elements  (Art.  488). 

Color  in  Borax  Bead.  Substance. 

1.  Oxidizing  Flame. 

OolorlesB,  or  opaque  white. . .  Silica,  calcium,  alumiuiuni;  also  silver,  zinc,  eta 

Iron,  cold— (ptile  yellow,  hot,  if  in  small  amouut). 

Ked,  red-brown  to  brown.. . .  Cbromium  (CrOa),  hot— (yellow isb  green,  cold). 

Mauganese  (MiisOa).  amethysliue-red— (violet,  hot). 
Iron  (Fe»Os),  hot — (yellow,  cold) — if  saturated. 
Nickel  (NiO),  rtd-bruwn  lo  browu,  cold — (violet,  hot). 
Urauium  (UOs),  hot — (yellow,  cold). 

<^reen •••••••••• Copper  (CuO),  hot — (blue,  cold,  or  bluish  green  if  highly 

saturated). 
Cbromium  (CrOs),  yellowish  green,  cold— (red,  hot). 

Tellow ••••••• Iron  (FesOa),   hot — (pule   yellow  to  colorless,    cold)— but 

red-brow u  aud  yellow  if  saiunited. 

Uranium  (UOa).  hot,  if  iu  small  amount;  paler  on  cooling. 

Chromium  (CrOs),  hot  and  in  small  amouut— (yellowish 
green,  cold). 

Blue Cobalt  (CoO).  hot  and  cold. 

Copper  (CuC)),  cold  if  highly  saturated^green,  hot). 

Yiolet Nickel  (NiO >.  hot— (red-brown,  cold). 

Mangjiueee  (Mn,Oa).  hot- (amethystine-red,  cold). 

2.  Reducing  Flame  (R  F.). 

Oolorleas Manganese  (MnO).  or  n  faint  rose  color. 

Red  • Copper  (CutO,  with  Cu),  opaque  red. 

•Oreen Iron  (FeO).  bottle-green. 

Chromium  (Cr,Os),  emerald-green. 

Uranium  (UsOa).  yellowish  green  if  saturated. 

Blue Cobalt  (CoO),  hot  and  cold. 

•Gray,  turbid Nickel  (Ni). 

487.  Salt  of  Phosphorus.— This  flux  gives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which*  the  bases  of  the  silicate  are 
dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 

Color.  Substance. 

Red Cliromium  iu  OF.,  hot — (fine  green  when  cold). 

<Qreea.... Chromium  iu  O  F.  and  R.F.,  when  cold -(red  in  O.F..  hot). 

Molybdenum  in  R.F..  dirty  green,  hot;  fine  green,  cold — (yellow-flrxeen 

in  O.F.). 
Uranium  in  R.F.,  cold:  yellow-green,  hot. 

Vanadium,  chrome-green  in  R.F.,  cold — (brownish  red,  hot).     In  O.F. 
dark  yellow,  hot,  paler  on  cooling. 
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Color.  Substance. 

Tellow Moljbdenam,  yellowish  greeu  in  O.F.,  hot,  paler  od  cooliog— (Id  R.F.» 

diriy  green,  hot;  fine  green,  cold). 
Unmium  in  O.F.,  hoi;  yeilowibh  gieeu,  cold — (in  R.F.,  yellowish  green,. 

hoi;  green,  cold). 
Yauudium   in  O.F.,   dark  yellow,   hot,   paler  on    cooling^in  R.F.,. 
brownish  red,  hoi;  chrome  green,  cold). 

Tiolet Titanium  (TiO,)  in  R.F.,  yellow,  hot.     (Also in  O.F.  yellow,  hot;  color- 
less, cold.) 

Characteristic  Reactions  of  the  Important  Elements  and  of  somb 

OF  THEIR  Compounds. 

488.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  dif- 
ferent elements  and  their  oxides.  It  is  desirable  for  every  student  to  gain 
familiarity  with  them  by  trial  with  as  many  minerals  as  possible.  Many  of 
them  liave  already  been  briefly  mentioned  in  the  preceding  pages.  For  & 
thoroughly  full  description  of  these  and  other  characteristic  tests  (blowpipe 
and  otherwise)  reference  should  be  made  to  the  volume  by  Brush  and  Penfield 
referred  to  on  p.  256. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  may 
be  perfectly  distinct  if  alone,  the  presence  of  other  substances  may  more  or 
less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised,  to  overcome  the  difiiculty  arising  from  this  cause» 
These  will  be  gathered  from  the  "  pyrognostic  characters"  (Pyr.)  given  in  con- 
nection with  the  description  of  each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reactions.* 
The  methods,  iiowever,  require  for  the  most  part  so  much  detailed  explana- 
tion, that  it  is  only  possible  here  to  make  this  general  reference  to  the  subject. 

Aluminium. — Tbe  presence  of  nhiminium  in  most  iDfusible  miiterals.  contnining  a  eon- 
sidemble  niuount,  may  be  detected  by  the  blue  color  whicb  they  assume  i^hen,  ufter  being 
heated,  they  are  moistened  with  cobalt  solution  and  again  ignited  {e.g.,  ryiiniie,  andnlusite^ 
etc.).  Very  hard  minerals  (as  corundum)  must  be  first  finely  puherized.  The  test  is  not 
conclusive  wi  h  fusible  minerals  since  a  ^lass  colored  blue  by  cobalt  oxide  nmy  be  formed. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  whei> 
treated  with  cobalt  nitrate. 

Antimony. — Antimonial  minerals  ronsted  on  charcoal  give  dense  white  inodorous  fumes; 
metallic  an  imony  and  its  sulphur  compounds  give  in  the  open  tube  a  white  sublimate  of 
oxide  of  antimony  (see  p  260).  Antimony  sulphide  (Stibnite),  also  m«ny  sulphaniimonites,. 
give  in  a  stronir  hent  hi  the  closed  tube  a  sublimate  of  antimony  oxysulph.de,  black  when 
hot,  brown-red  when  cold.     See  A]so  p  260. 

In  nitric  acid,  compounds  containing  antimony  dei)osit  white  insoluble  metantimonie 
acid. 

Arsenic — Arsenides,  sulphaisonites.  etc.,  eive  off  fumes  when  rna.«»ted  on  charcoal^ 
usually  easily  n'Cogniz«*d  by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
Tolatile,  orvstallini*  sub'imate  of  arseinc  trioxide.  In  the  close.i  tulw  irsenic  sulphide 
gives  a  sublimate  dark  brown  red  when  hot.  and  red  or  reddish  yellow  when  cold:  arsenic 
and  some  ars<nides  yield  a  black  mirror  of  metallic  arsenic  in  the  closed  tulie.  In  arsenates 
the  ar««'nic  can  be  deiecte<l  by  the  erarlic  odor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carbonati*  is  lieated  (R  F.)  on  oharroal. 

Barium. — A  yellowishg'-e<'n  coloration  of  the  flame  is  (riven  by  all  burium  salts,  except 
the  silicates;  an  alkaline  reaction  is  usually  obtained  after  intense  ignition. 


*  Flammenreactionen,  Lieb.  Ann.,  138,  257,  1866,  or  Phil.  Mag.,  32.  81,  1866. 
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In  8o)utif)n  tbe  presence  of  banum  is  proTed  by  the  heavy  white  precipitate  (Ba80«) 
formed  upon  the  udditiou  of  dilute  sulphuric  acid. 

Biimut/i.— On  charcoal  alone,  or  better  with  soda,  bismuth  fives  a  very  characteristic 
orange-yellow  sublimate;  brittle  globules  of  the  reduced  metal  are  also  obtained  (with 
soda).  Also  when  t rented  with  8  or  4  times  tbe  yoluine  of  a  miiture  in  equal  parts  of 
potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth 
iodide  is  obtained;  neiir  the  mineral  the  coatiug  is  yellow. 

Baron,— yLany  compounds  containing  borou  (borates,  also  the  silicates  datolite,  danbur- 
ite.  etc.)  tinge  ibe  flame  intense  yellowisb  green,  es|>ecially  if  moistened  with  sulphuric 
acid.  For  stmie  silicates  (as  tournmline)  tbe  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  fluorite  and  two  parts  potassium  bisulphute.  Tbe  mixture  is 
moistened  and  placed  on  piutinum  wire.  At  the  moment  of  fusion  the  green  color  apiiears, 
but  lasts  but  a  moment. 

A  dilute  bydrocbluric  acid  solution  contaik^tng  boron  gives  a  reddisb-brown  color  to 
turmeric  |)nper  which  bus  been  muiutened  with  it  and  then  dried  at  lOO"";  tbe  color  changes 
to  blacti  when  ammonia  is  poured  on  the  paper. 

Caleium. — Many  calcium  minerals  (citrbonates,  sulphates,  etc.)  give  an  alkaline  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowish- red  color  is  given  to  the  flame  by  some 
compounds  {e.g.,  talciie  after  muisteuiug  with  HCl);  the  strontium  flame  is  a  much  deeper 
red. 

In  solutions  (not  too  acid)  calcium  is  precipitated  as  oxalate  by  the  addition  of  ammonium 
oxalate. 

Cadmium.— On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  tbe  reddish- brown  oxide. 

Carbonates.— AW  carbonates  effervesce  with  diluU  hydrochloric  acid,  yielding  the  odor- 
less gas  COs  {e.g.,  calcite);  many  require  to  be  pulverized,  and  some  need  tbe  addition  of 
heat  (dolomite,  siderite).     Curl>onates  of  leatl  sbould  be  tested  witb  nitric  ucid. 

O^ilorides. — If  a  small  portion  of  a  mineral  containing  cblorine  (a  chloride,  also  pyro- 
morphiie,  etc.)  is  added  to  tbe  bead  of  stilt  of  phosphorus,  saturated  with  copper  oxide,  the 
bead  wlieu  lieated  is  instantly  surrounded  with  nn  intense  purplisb  flame  of  copper  chloride. 

In  solution  cblorine  gives  witb  silver  nitrate  a  white  curdy  precipitate  of  silver  chloride, 
w!:ich  darkens  in  color  on  exposure  to  tbe  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
so  in  ammonia. 

Chromium. — Chromium  gives  with  borax  a  bead  which  (O.F.)  is  yellow  to  red  (hot) and 
yellowisb  ^reen  (cold)  and  K.F.  a  fine  emerald -green.  Witb  salt  of  phosphorus  in  O.F. 
tbe  bead  is  dirty  green  (hot)  and  clear  green  (cold);  in  R.F.  the  same.  Cf..  Vanadium 
beyond  (also  p.  268). 

Cobnut. — A  beautiful  blue  bead  is  obtained  witb  borax  in  both  flames  from  minerals 
containing  cobalt;  tbe  color  may  be  obscured  by  considerable  iron  or  nickel  unless  these 
are  first  oxidized  off  (p.  13*2).  Where  sulphur  or  arsenic  is  present  tbe  mineral  should 
first  l>e  thoroughly  roasted  on  charcoal. 

CoTfyper.—Ou  charcoal,  at  le»ist  with  soda,  metallic  copper  can  be  reduced  from  most  of 
iU  compounds.  With  bonix  it  gives  (O.F.)  a  green  bead  when  hot,  becoming  blue  when 
cold;  also  (R.F.),  if  saturated,  an  opaque  red  bead  containing  Cu,0  and  often  Cu  is 
obtained. 

Most  njetallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces  a  green  pre- 
dpitute  in  tbe  solution,  which  is  dissolved  when  an  excess  is  added,  the  solution  taking  an 
lnten«ie  blue  color. 

/^e/onVitf.— Heated  in  the  closed  tul>e  many  fluorides  give  off  fumes  of  hydrofluoric  acid, 
which  react  acid  with  test-paper  and  eich  the  glass.  Sometimes  potassiunrbisulpbate  must 
be  adiied  (see  also  p.  260). 

Heated  gently  in  a  platinum  cnicible  with  pulphuric  acid,  many  compounds  (e.g.^ 
fluorite)  give  off  hydrofluori"  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placed 
over  it  which  has  been  ccwted  wiih  wax  and  then  scratched. 

Iron. — With  borax  iron  irives  a  bead  (O.F  )  which  is  yellow  to  browniBh  red  ^according 
to  quantify)  while  hot,  hut  is  colorless  to  yellow  on  cc'>oline;  R.F  becomrs  bottle-green 
(see  p.  203).  Minenils  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame. 

Tj€4id.—Vf\\\\  8o<la  on  charcoal  a  malleable  globule  of  metallic  lead  is  obtained  from  fead 
compoimds:  the  coating  has  a  yellow  color  near  the  assay;  the  Rulphi<le  pivea  also  a  white 
coatinsr  (PbSO«)  farther  off  (p  261).  On  being  touched  with  the  reducing  flame  the  coat- 
ing disappears,  tingcing  the  flame  azure  blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sulphate;  when 
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delicac}*^  is  required  an  excess  of  the  acid  is  added,  the  solution  evaporated  to  dryness,  and 
water  added;  the  lead  sulphate,  if  present,  will  then  be  left  as  a  residue. 

LWiium.—hiihium  gives  an  iuteuse  carmiue-red  to  the  outer  dame,  the  color  somewhat 
i^sembliug  that  of  the  strontium  flame  but  is  deeper;  in  very  small  quantities  it  is  evident 
in  the  spectroscope. 

Magufsium. — Moistened,  after  heating,  with  cobalt  nitrate  and  ag^in  iguited,  a  pink 
color  is  obtained  from  some  infusible  compounds  of  mnguesium  (e.g.,  brucite). 

Manga/  est. — With  bonix  manganese  gives  a  bead  violet-red  (O.F.),  and  colorless  (R.F.). 
With  sodu  (O.F.)  it  gives  a  bluish-green  bead;  this  reaction  is  very  delicate  and  may  be 
relied  upon,  even  in  presence  of  almost  any  other  metal. 

Mercury. — In  the  closed  tube  a  stiblimate  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  with  dry  sodium  carbonate.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusterless  sublimate  of  UgS,  red  when 
rubbed,  is  obtained. 

Molybdenum. — On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper-red 
stain  (O.F.),  and  beyond  a  white  coaling  of  the  oxide;  the  former  becomes  azure-blue  when 
for  a  moment  touched  with  the  R.F.  The  salt  of  phosphorus  bead  (O.F.)  is  yellowish 
green  (hot)  and  nearly  colorless  (cold);  also  (R.F.)  a  fine  green. 

Nickel. —Vfixh  borax,  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet  when  hot  and 
red-brown  on  cooling;  (R.F.)  the  glass  becomes  gmy  and  turbid  from  the  separation  of 
metallic  nickel. 

Niobium  (Columbiuni). — An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

Nitrates. — These  detonate  when  heated  on  charcoal.  Heated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NOt). 

PhaspJiorus. — Most  phosphates  impart  a  gieen  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
the  presence  of  other  coloring  agents.  If  they  are  used  in  the  closed  tube  with  a  fragment 
of  metallic  magnesium  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydrogen  is  given  off,  recognizable  by  its  disagreeable  oflor. 

<  A  few  drops  of  a  nitric  acid  solution,  containing  phosphoric  acid,  provinces  in  a  solu- 
tion of  ammonium  molybdate  a  pulverulent  yellow  precipitate  of  ammonium  phospho- 
molylxlate. 

Potassium. — Potash  imparts  a  violet  color  to  the  flame  when  alone.  It  is  best  detected 
in  small  quantities,  or  when  so<la  or  lithia  is  present,  by  the  aid  of  the  spectroscope.  See 
frlso  p.  259.. 

Selenium. — On  charcoal  selenium  fuses  easily,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  odor;  the  sublimate  on  charcoal  is  volatile,  and  when  heated  (R.F.) 
gives  a  flue  azure-blue  flame. 

Silicon. — A  small  fragment  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass  then  dissolved 
in  hydrochloric  acid  and  evaporated  to  dryness,  the  .«^ilica  is  made  Insoluble,  and  when 
strong  hydrochloric  acid  is  added  and  then  water,  the  bases  are  dissolved  and  the  silica  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
chloric ncid,  the  sllicji  separating  as  a  powder  or,  after  evaporation,  as  a  jelly  (see  p.  255). 

&lver. — On  charcoal  in  O.F.  silver  gives  a  brown  coaling.  A  globule  of  metallic  silver 
may  generally  be  obtained  by  heating  on  charcoal  in  O.F.,  especially  if  soda  is  added. 
Under  some  circumstances  it  is  desirable  to  have  recoui-se  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  This  precipitate  is  insoluble  in  acid  or  water,  but 
entirely  so  in  ammonia.     It  changes  color  on  exposure  to  the  light. 

Strontiifm.—Compoxinds  of  strontium  aVe  usually  recognized  by  the  fine  crimson-red 
which  they  give 'to  the  blowpipe  flame;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf.  barium.) 

SfxHvm. — Compounds  containing  sodium  in  large  amoiint  frive  a  strong  yellow  flame. 

Sulphur,  Sulphides,  Sulphates. — In  the  closed  lube  some  sulphides  give  off  sulphur;  in 
the  open  tube  they  yield  >ulphur  dioxide,  which  has  a  characteristic  odor  and  reddens  a 
strip  of  moistened  litmus  paper.  In  small  quantities,  or  in  sulphates,  sulphur  is  best 
detected  by  fusion  on  charcoal  with  soda.  The  fused  mnss.  when  sorlium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened;  a  distinct  black  stain  oa 
the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  262  must  be  exercised). 
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A  solution  in  hydrochloric  acid  gives  with  bnrium  chloride  a  white  insoluble  precipitate 
of  barium  sulphate. 

7W/ur»u?/>.— Tellurides  hented  iu  the  open  tube  give  a  white  or  grayish  sublimute, 
fusible  to  colorless  drops  (p.  200).  On  cburcoal  they  give  a  whie  coatiug  and  color  the 
RF.  green. 

Tin, — Minerals  containing  tin  (e.g.,  cussilerite),  when  heated  on  charcoul  with  soda  or 
potassium  cyanide,  yield  metallic  tin  in  minute  globules;  ihese  are  miilleable,  but  harder 
than  silver.     Dissolved  in  nitric  acid,  wbite  insoluble  stannic  oxide  separates  out. 

Titanium. — Titanium  gives  iu  tbe  R.F.  with  suit  of  phosphorus  a  bead  which  is  violet 
when  cold.  Fused  with  sodium  carbonate  and  dissolved  with  liydrochloric  acid,  and 
heated  with  a  piece  of  metallic  tin,  the  liquid  takcH  a  violet  color,  especially  after  pMrtinl 
evaporation. 

Tunffsten.— Tungsten  oxide  gives  a  blue  color  to  the  sail  of  phosphorus  bead  (U.F.). 
Fused  and  tretitetl  as  titanium  (see  above)  with  the  addition  of  zinc  instead  of  tin,  gives  a 
fine  blue  color. 

Uranium. — Uranium  compounds  give  to  the  salt  of  phosphorus  bead  (O.F.)  a  greenish 
yellow  bead  when  cool;  also  (R.F.)  a  due  green  on  cooling  (p.  268). 

Van<idtum. — With  borax  (O.F.)  vanadates j^ve  a  bead  yellow  (hot)  changing  to  yellow- 
ish green  and  nearly  colorless  (cold);  also  (U.F.)  dirty  green  (hot),  flue  green  (cold).  With 
salt  of  phosphorus  (O.F.)  a  yeliow  to  umber  color  (Uius  differing  from  chromium);  als6 
(R.F)  fine  green  (coll). 

2S^ne.— On  charcoal  compounds  of  zinc  give  a  coating  which  is  yellow  while  hot  and 
white  on  coolinsr,  and  mois:encd  by  the  cobalt  solution  and  again  heated  becomes  a  fine 
green.  Note,  however,  that  the  zinc  silicate  (calamiue)  becomes  blue  when  heated  after 
moistening  with  cobalt  solution. 

Zireon%um.—A.  dilute  hydrochloric  acid  solution,  containing  zirconium.  Impartt  mi 
orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Determinative  Mineralogy. 

488.  Determinative  Mineralogy  may  be  properly  considered  under  the 
general  head  of  Chemical  Mineralogy^  since  the  determination  of  minerals 
aepends  mostly  upon  chemical  tests.  But  crystallographic  and  all  the  physical 
characters  have  also  to  be  used. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of.  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  tbe  mineral  in 
band  is  referred  successively  from  a  general  group  into  a  more  special  one, 
until  at  last  all  other  species  have  been  eliminated,  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recourse  is  had  to  the  tables.  This  examina- 
tion will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in  any  case  it 
should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practical  familiarity 
with  the  appearance  and  characters  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crystalline  form,  if  distinct;  general  strnc- 
tare,  cleavage^  fractv re,  luster,  color  (and  streak),  feel;  also,  if  the  specimen  is 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  the  specific 
grainty.  The  characters  named  are  of  very  unequal  importance.  Structure, 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
distiiifi^uishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
generally  very  unimportant  with  nnmetallic,  minerals.  Streak  is  of  importance 
only  with  colored  minerals  and  those  of  netallic  luster  (p.  187).  Crystalline 
form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
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the  nocket-knife  is  often  sufficient  in  experienced  hands).  The  second  '  cial 
should  be  the  determination  of  the  specific  gravity.  Treatment  of  the  pow- 
dered mineral  with  acids  may  come  next;  by  this  means  (see  pp.  254,  255)  a  car* 
bonate  is  readily  identified,  and  also  other  results  obtained.  Then  should  follow 
blowpipe  trials,  to  ascertain  the  fusibility;  the  color  given  to  the  flame,  if  any; 
the  character  of  the  sublimate  given  off  in  the  tubes  and  on  charcoal;  the 
metal  reduced  on  the  latter;  the  reactions  with  the^na^^,  and  other  points 
as  explained  in  the  preceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  bis  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  various 
eiemcMitary  substances  with  reagents  and  before  the  blowpipe  (pp.  264  to  267). 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  be  made  to  their  full  description  in  Part.  IV.  of  this  work  for  the  final 
decision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  tiioir  crystalline  and  physical  characters,  are  added  in  the  Appendix.  They 
will  ill  many  cases  a:d  the  observer  in  reaching  a  conclusion  in  regard  to  a 
specimen  in  hand. 

The  first  of  these  tables  is  intended  to  include  all  well-defined  species, 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  gravities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  the  individual  species  is  shown 
by  the  type  employed.  Following  this  are  minor  tables  enumerating  species 
charaotprized  by  some  one  of  the  prominent  crystalline  forms;  that  is,  those 
crystallizing  in  cubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
the  names  of  species  prominent  because  of  their  cleavage ;  structure  of 
different  cypes;  hardness;  luster;  the  various  colors,  etc.  The  student  is 
recommenaed  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  oharactars  of  the  more  important 
minerals. 
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489.  Scope  of  BeieriptiTe  Minendogy. — It  is  the  proTince  of  Descriptive 
Mineralogy  to  describe  each  mineral  species,  as  regards:  (1)  form  and  structure; 
(2)  physical  characters;  (3)  chemical  coni))osition  and  aJlied  blowpipe  char- 
acters; (4)  occurrence  in  nature  with  reference  to  geographical  distribution 
and  association  with  other  species;  also  in  connection  with  the  above  to  show 
bow  it  is  distinguished  from  other  species.  Further,  to  classify  mineral 
species  into  more  or  less  comprehensive  groups  according  to  those  characters 
regarded  as  most  essential.  Other  points  which  may  or  may  not  be  included 
are  the  inyestigation  of  the  metho<ls  of  origin  of  minerals;  the  changes  that 
they  undergo  in  nature  and  the  results  of  such  alteration;  also  the  methods 
by  which  tne  same  compounds  may  be  made  in  the  laboratory;  finally,  the 
uses  of  minerals  as  ores,  for  ornament  and  in  the  arts. 

490.  Scheme  of  Clasaiflcation.— The  method  of  classification  adopted  in.  this 
irork,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is  that 
which  places  similar  chemical  compounds  together  in  a  common  class  and 
irhich  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition  and  in 
crystalline  form  and  other  physical  properties. 

Upon  this  basis  there  are  recognized  eight  distinct  classes,  beginning  with 
the  Native  Elements;  these  are  enumerated  on  the  following  page.*  Under 
each  of  these,  sections  of  different  grades  are  made,  also  based  on  chemical 
relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as  far  as 
possible,  in  isomorphons  groups,  including  those  which  have,  at  once,  analo- 
gous chemical  composition  and  similar  crystallization  (see  Art.  456).  It  is 
unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  clnssi- 
:fication  in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks, 
only,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite,  opal).  Second,  the  Oxides  of  the  semi, 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  tungsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,  manganese,  tin,  etc. 
The  third  section  is  then  subdivided  into  the  anhydrous  and  hydrous  f^pecies. 
Further,  the  former  fall  .nto  the  four  divisions:  Protoxides,  R,0  and  RO;  Ses- 
•quioxides,  R,0,;  Intermediate  oxides,  R0,R,O,;  Dioxides,  RO,.  Under  e«ch 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphons  groups.  Thus  we  have  the  Hematite  group,  the  Rutile 
group,  etc. 

In  regard  to  the  various  classes  of  salts  it  may  be  stated  that,  in  genera], 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  subdivisions  called  for,  however,  vary  in  the  different  cases. 

For  lui  explanation  of  the  abbreviations  used  in  tbe  description  of  species,  see  p.  4 
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SCHEME  OF  CLASSIFICATION, 
f.  Natiye  Elexehtb. 

II.  SULPHIDEB,  SELEEIDEB,  TELITTEIDEB,  ABBEHIDEB,  AHTIMONIBEB. 

III.  Sulpho-saltS.-~SULPHAB8EinTEB,  SXTLPHANTDIOinTEB,  SVLPHOBIBHUTE- 

ITEB. 

IV.  Haloids— GHLOBIBEB,  BEOMIBEB^  IOOIDEB;  FLUOBIBEB. 

V,  Ozideb. 
VI.  Onygen  Salts. 

1.  Gasbonatsb. 

2.  Silicates,  Titanateb. 

3.  HlOBATEB,  TAKTALATEB. 

4.  Phobphateb,    Abbenateb,   Vanabatsb;    Avtimonateb.    Hi- 

TEATEB. 

6.  Borates.    TIbahateb. 

6.  Sulphates,  Ghbokates,  Tsllubateb. 

7.  Tun(»tateb,  Moltbbates. 

VII.  8alt8  of  Orgauic  Acids:  Oxalates,  Mellates,  etc. 

VIII.  Hybbooabbon  Gomfouhbb. 


KATIVE   ELEMENTS. 
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I.    NATIVE    ELEMENTS. 

The  NATIVE 'elements  are  divided  into  the  two  distinct  sections  of  tha^ 
Metals  and  the  Non-metals,  and  these  are  connected  by  the  transition  class  of 
the  Semi- metals.  The  distinction  between  them  as  regards  physical  characters^ 
and  chemical  relations  has  already  been  given  (Art.  437). 

The  only  non-wetals  present  among  minerals  are  carbon,  sulphur,  and 
selenium;  the  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the  semi* 
metal  tellurium. 

The  native  semi-metals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  system  with  a  fundamental  angle  differing  a. 
few  degrees  only  from  90%  as  shown  in  the  following  list: 


Tellurium,  rr'  =  93"^    3'. 
Antimony,  rr'  =  92°  53'. 


Arsenic,  rr'  =  94°  54'. 
.  Bismuth,  rr'  =  92°  20'. 


An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif.)  is  rhombohe- 
dral (rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals. 

Among  the  metals  the  isometric  Gold  group  is  prominent,  including  gold,, 
silver,  copper,  mercury,  amalgam  (AgHg),  and  lead. 

Another  related  isometric  group  includes  the  metals  platinum,  iridium,, 
palladium,  and  iron;  further  pallaaium  is  rhombohedral  and  also  iridosmine 
(irOa). 

DIAMOND. 

Isometric  and  probably  tetrahedral,  but  the  +  and  —  forms  not  distin- 
guished. Commonly  in  octahedrons,  also  hexoctahedrons  and  other  forms;, 
faces  frequently  rounded  or  striated  and  with  triangular  depressions  (on  o)- 
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Twin^  common  with  tw.  pi.  o.    Crystals  often  distorted.     In  spherical  forms; 
massive. 

Cleavage:  o  highly  perfect.  Fracture  conchoidal.  Brittle.  H.  =  10. 
G.  =  3*5 16-3*525  crystals.  Luster  adamantine  to  greasy.  Color  white  or 
colorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  blue, 
brown;  sometimes  black.  Usually  transparent;  also  translucent,  opaqae. 
Refractive  and  dispersive  power  high;  index  Jij  =  2*4195.     (See  Art.  306.) 

Var. — I.  Ordinary.  In  crystals  usuallv  with  rouDded  faces  aud  varying  from  thoso 
which  nre  colorless  and  free  from  flaws  {first  water)  through  many  faint  shades  of  color, 
yellow  the  most. common;  often  full  of  flaws  and  hence  of  value  only  for  cutting  purposes. 
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2.  Bort  or  Boati;  rouuded  forms  with  rough  exterior  and  radiated  or  confused  crystal- 
line structure. 

8.  Carbonado  or  Carbon;  black  diamond.  Massive,  crystalline,  granular  to  compact, 
without  cleavage.  Color  black  or  grayish  black.  Opuque.  Obtained  chiefly  from  Baliia, 
Brazil. 

Comp. — Pure  carbou;  the  variety  carbouado  yields  on  combustion  a  slight 
ash.   . 

P3rr..  etc. — Unaffected  by  heat  except  at  very  high  temperatures,  when  (in  an  ozygea 
atmosphere)  it  burns  to  carbon  dioxide  (COs);  out  of  contact  with  the  air  transfoimea  into 
a  kind  of  coke.     Not  acted  upon  by  acids  or  alkalies. 

Diff  —  Disiiiiguished  {eg.,  from  quartz  crystal)  by  its  extreme  hardness  and  brilliant 
adaniuiiiiiie  luster;  the  form,  cleavage,  and  high  specific  gravity  are  also  distinctivQ  char- 
acters; it  is  optically  isotropic:  transparent  to  A-rays. 

Obs. — The  diamond  occurs  chieHy  in  alluvial  deposits  of  gravel,  stiud,  or  clay,  asso- 
•ciated  with  quartz,  gold,  platinum,  zircon,  ociahedrite,  ruiile,  brookite,  hematite,  ilmeiiite, 
and  also  aiidalusite,  chrysoberyl,  topuz,  corundum,  tourmaline,  guruit,  etc.;  1  he  associated 
minerals  being  those  common  in  granitic  rocks  or  granitic  veins.  Also  found  in  quartzose 
oonglonierates,  and  further  in  connection  with  the  laminated  gmnular  quaitz  rock  or 
quartzose  hydroniica  schist,  iiaeoiumyte,  which  in  thin  slabs  is  more  or  less  flexible.  This 
roi^k  occurs  at  the  mines  of  Brazil  and  the  Urals;  and  also  in  Georgia  and  ^oith  Carolina, 
where  a  few  diamonds  have  been  found. 

It  has  l)eeu  reported  as  occurring  in  situ  in  a  pegmatite  vein  in  gneiss  at  Bellary  in 
India.  It  occurs  further  in  connection  with  an  eniptive  peridotite  in  8outli  Afiica.  It  has 
been  noted  as  grayish  particles  forming  one  per  cent  of  the  metcoiite  which  fell  at  Novo- 
Urei,  Russia,  ^pt.  22,  1886;  also  in  the  form  of  black  diamond  (H.  =  9)  in  the  meteorite 
of  Carcote.  Chili;  in  the  meteoric  iron  of  Caiion  Diablo,  Arizona.  It  has  bctn  foimed 
artificially  by  Moissan. 

India  was  the  chief  source  of  diamonds  from  very  early  times  down  to  the  difcoyery  of 
the  Bmzilian  mines;  the  yield  is  now  small.  Of  the  localities,  that  insoutl  cin  India,  in  the 
Madnis  presdency,  included  the  famous  "Golconda  mines."  The  dii>niond  deposits  of 
Brazil  have  been  worked  since  the  early  part  of  the  18th  century,  ard  have  yielded  very 
lari^ely,  although  at  the  present  time  the  amount  obtained  is  suuill.  The  n  ost  in  pcrtrnt 
region  was  that  near  Dianiantina  in  the  province  rf  Mini  s  Geraes;  also  frrni  BtLis,  etc. 

The  discovery  of  diamonds  in  South  Afiica  dates  from  1867.  They  \ieie  tut  U  i:i  d  'n 
the  gravel  of  the  Vaal  river;  they  occur  from  Pclchefstroom  down  to  ihe  ji  ncticn  with  the 
Orange  riv^r,  and  along  the  latter  as  far  as  Hope  Town.  These  riter  diggings  aie  new 
comparatively  unproductive,  and  have  been  nearly  abandoned  for  the  diy  diggings, 
discovered  in  1871. 

The  latter  are  chiefly  in  Griqualnnd-West,  south  of  the  Ynal  river,  on  the  border  of  the 
Orange  Free  State.     There  are  here  a  number  of  limited  areas  ap pioxfn  i  tt  ly  e]  Lerical  or 
oval  in  form,  with  an  average  diameter  of  some  200  to  800  >ards,  of  whicl  KimlrrUv,  De 
Beer's,  Du  Toil's  Pan  and  BtiJtf<mtein   are  tie  most  important.     A  circle  8j  mdea  in 
diameter  encloses  the  four  principid  diamond  mines.     The  gtneral  structure  is  f-imilsr:  a 
wall  of  nearly  horizontal  black  carbonaceous  shale  with  upturned  (dfes  encUsinff  the 
diamantiferous  area.     The  upper  portion  of  the  deposit  consists  of  a  friable  n  ass  of  little 
csoherenc^  of  a  pale  yellow  color,  called  the  "yellow  groi-nd."    Below  the  leach  of  atmos- 
pheric influences,  the  rock  is  more  firm  and  of  a  bluish  green  or  greenish  color;  it  is  called 
the  "blue  ground"  or  simply  "the  blue."     This  con8if:ts  essentially  of  a  sen^oitinous 
breccia:  a  base  of  hydrated  magnesinn  sil.cate  penetrated  by  calciie  and  opaline  silica  and 
enclosiite  fnigmcnts  of  bronzite,  diallage,  also  garnet,  magnetite,  and  ilmenite,  and  less 
commonly  smaragdite.  pyHte,  zircon,  etc.     The  diamonds  are  rather  abundantly  ditscmi- 
naled  thionch  the  mass,  in  some  claims  to  the  amount  cf  4  to  6  car:  ts  per  cubic  yard.     The 
orififinal  rock  seems  to  liave  been  a  peculiar  type  of  peridotite.     These  areas  are  believed 
to  be  volcanic  pipes,  and  tiie  occurrence  of  the  diamonds  is  obviously  connected  with  the 
eruptive  outflow,  they  having  probably  bc^en  brought  up  from  underlying  rcx^ks.     The 
South  African  mines  in  Griqualand  up  to  June  1806  are  estimated  to  have  yielded  60 
million  carats  (13  tons)  of  diamonds,  valued  at  about  870  million  dollars. 

Diamonds  are  also  obtaine<l  in  Borneo,  associated  with  platinum,  etc.;  in  Australia,  and 
the  Urals. 

In  the  U.  S.  a  few  crystals  have  been  met  with  in  No.  Carolina,  Georgia,  and  VirginUi; 
several  have  l>een  found  in  Wisconsin,  also  in  California  at  several  points.  Reported  from. 
Idaho  and  from  Oregon  with  platinum. 

Some  of  the  famous  diamonds  of  the  world  with  thetr  wbigliti  are  as  followa;  the 
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T,  which  weighed  when  brought  to  England  186  carats,  and  as  recaf  as  a  brilliant. 

106  carats;  the  Orlov,  198carais;  the  Regent  or  Pitt,  187  camis;  the  Florentine  or  Qnuid 
Biike  of  Tuscan  J,  183  caraU;  tlie  Baucy,  58  carats.  The  '*  SUr  of  the  8outh/'  found  in 
Braxil  in  1853,  weighed  before  and  after  cutting  respectively  254  and  1'.'5  camts  Also 
famous  because  of  the  rarity  of  their  color  are  the  green  diamond  of  Dresden,  40  carats,  and 
the  deep  blue  Hope  diamond  from  India,  weighing  44  carats.  The  history  of  the  above 
atones  and  of  others  is  given  in  many  works  on  gems  / 

South  Africa  has  yielded  some  very  large  stones.  Among  the5ie  may  be  mentioned  the 
following:  The  Victoria  (or  tiie  Imperial)  from  one  of  the  Kimberley  mines  weighed  as 
found  457  oirats:  the  Stewart  weighetl  before  and  after  cutting  288  and  1*^0  camts  n^spect- 
ively:  tlie  Tiffany  diamond,  of  a  i  rilliant  golden  yellow,  weighs,  cut  iis  a  double  brilliant, 
125  oimts.  The  Excelsior  from  Ja^ersfontein  weighed  when  found  971  cnmis  and  was  8 
inches  in  its  largest  dimension,  this  is  the  largest  ever  known  to  have  been  discovered. 

CurroNiTK.— Carbon  in  minute  cubic  crystals.  H.  =  2*5.  G.  =  212.  Color  and 
«treak  black;  from  the  Toundegin,  West  Australia,  meteoric  iron,  found  in  1884. 

ORAPHTTB.     Plumbago.     Black  Lead. 

Bhombohedral.  In  six-sided  tabular  crystals.  Commonly  in  embedded 
foliated  masses,  also  colnmnar  or  radiated;  scaly  or  slaty;  granular  to  com- 
pact; earthy. 

Cleavage:  basal,  perfect.  Thin  lamin»  flexible,  inelastic.  Feel  greasy. 
H.  =  1-2.  G.  =  2"09-2-23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.     Opaque.     A  conductor  of  electricity. 

Comp.~Carbon,  like  the  diamond;  often  impure  from  the. presence  of  iron 
sesquioxide,  clay,  etc. 

IPyr^  etc.— At  a  high  tempeniture  some  graphite  burns  more  easily  than  diamond, 
other  varieties  less  so.     B  B.  infusible.     Unalterea  by  acids 

DiflL — Characterizefl  by  its  extreme  softness  (soapy  feel)*  iron-black  color;  metallic 
luster;  low  specilic  gmvity;  also  by  infusibility.     Cf.  molybdenite,  p.  285. 

Oba.— Graphite  occurs  in  beds  and  embtddetl  masses,   lamiiis,  or  scales  in  granite, 

fneiss,  mica  schist,  crystalline  limestone.     It  is  in  some  places  a  result  of  the  alteration  by 
eat  of  coal.     Often  oliserved  in  meteoric  irons.     A  common  furnace  product. 

Occur*  at  Borrowd  le  in  Cumberland;  nt  Arendnl  in  Norway,  in  qimrtz;  in  the  Ural, 
Finland;  Passnu  in  Bavaria.  In  Irkutsk,  in  the  Tunkinsk  Mts.,  in  eastern  Siberia,  4h« 
Alibert  graphite  mine  affords  M>me  of  the  best  graphite  of  the  world.  Large  quantities 
ate  brought  from  th-  £:ist  Indies,  especially  from  Ceylon. 

Forms  beds  in  gtK'iss,  at  SiurbridL^e  Mhs«.;  at  Ticonderoga,  N.  Y.,  with  pyroxene  and 
titanite:  and  at  Hillsdale.  Columbii  Co  ,  N.  Y. ;  Byers.  Chester  Co..  Pa.;  Loudon  Co.,  Va. ; 
Wake  Co  .  N.  C.  A  graphitic  eirth  is  m'ned  for  |iaint  in  Arkansas.  In  California,  in 
Alpine  Co.,  Kern  Co.,  etc.  In  HumlK)ldt  Co.,  Nevada;  Beaver  Co..  Utah;  Albany  Co.. 
"Wyoming.     A  large  deposit  occurs  at  St  J«»hn,  New  Brunswick. 

The  name  black  isad.  applied  to  this  speci  s.  h  inappropriate,  as  it  contains  no  lead. 
The  name  graphite,  of  Werner,  is  derived  from  ypdipeir^  to  write,  alluding  to  its  use  for 
*•  leail "  pencils. 

ScHUNOTTB.    Amorphous  carbon  observed  in  some  schists. 
SULPHXTR. 

Ortborhombic.     Axes  d:h:i  =  OSISI  :  1  :  1*9034. 

678.  679.  680.  681.  682. 
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110  A  liO  =  78"  14'. 
001  A  101  =  ««*'  52'. 
001  A  Oil  =  62*  17'. 
001  A  118  =  45-  10'. 
001  A  111  =  7r40'. 

111  A  ill  =  94*  52'. 
Ill  A  111  =  78**  84'. 


Crystals  commonly  acute  pyramidal;  sometimes  thick   tabular   ||  c,  also 
sphenoidal  in  habit  (Fig.  583).    See  also  Figs.  66,  p.  30,  and  302,  p.  94.     Also- 
massive,  in  reniform  shapes,  in- 
crusting,  stalaccitic   and  stalag- 
mitic;  in  powder. 

Cleavage :  c,  m,  p  imperfect. 
Fracture  conchoidal  to  uneven. 
Rather  brittle  to  imperfectly 
sectile.  H.  =  l-5~2*5.  G.  = 
205-209.  Luster  resinous. 
Color  sulphur  yellow,  straw- and 
honey-yellow,  yellowish  brown,- 
greenish,  reddish  to  yellowish  gray.  Streak  white.  Transparent  to  trans-^ 
lucent.  A  non-conductor  of  electricity;  by  friction  negatively  electrified. 
Optically  +•  Double  refraction  strong.  Ax.  plane  ||  h.  Bx  ±c.  Dispersions 
p  <v.    2H„.r  =  103°  18'  Dx.     Refractive  indices,  see  p.  208. 

Comp.,  Tar.— Pure  sulphur;  often  contaminated  with  clay,  bitumen,  and 
other  impurities. 

Sulphur  may  also  be  obtuiued  iu  the  laboratory  in  otber  allotropic  forms;  a  monocliuia 
form  is  common. 

Pyr.,  etc.— Melts  at  108"  C,  and  at  270*  burns  with  a  bluish  flume  yielding  sulphur 
dioxide.  Insoluble  iu  wuler,  and  not  acted  on  by  the  acids,  but  soluble  hi  carboi> 
disulphide. 

DiflEl — Readily  distinguished  by  the  color,  fusibility  nnd  combustibility. 

Obs.— The  great  repositories  of  sulphur  aie  either  l)c<ls  of  gypsun  nnd  the  associate- 
rocks,  or  the  regions  of  active  and  extinct  volcanoes.    In  the  valley  of  Nolo  nnd  Mazzaro, 
in  Sicily;  at  Conil,  in  Spiin;  Bex.  Switzerland;  Cracow,  Poland,  it  occurs  in  the  former 
sitUH'ion;  oeiir  Bologna.  Italy,  in  fine  crystals,  embedded  in  biiumeu.     Sicily  and  the- 
neighboring  volcanic  isles;  the  Solfatara,  near  Naples;  the  volcanoes  of  the  Pucitic  ocean, 
etc.,  are  Imialities  of  the  latter  kind.     It  is  also  deposited  from  hot  springs  iu  Iceland;  and 
is  met  with  in  certain  metallic  veins,  thus  with  lead  ores  near  MUsen  and  at  Monte  Poni, 
Sardinia.     The  Sicilian  mines  at  Girgenti  yield  large  quantities  for  commerce,  including- 
beautifully  crystallized  specimens. 

Sulphur  is  found  near  the  sulphur  springs  of  New  York,  Virginia,  etc.,  sparingly;  in 
many  coal  deposits  nnd  elsewhere,  where  pyrites  is  uiiderL'oing  decomposition;  in  roinute^ 
crystals  on  cleavage  surfaces  of  galena,  Phenixville,  Pa.  Some  iin|H)rinnt  deposits  occur 
iu  the  western  U.  S.,  as  in  Wyoming,  in  the  Uintnh  Mts.,  30  miles  s  e.  of  Evanston;  lit 
Nevada,  Humboldt  county;  Steamboat  Springs.  Washoe  Co  ;  Columbus.  Esmeralda  Co. 
In  southern  Utah  in  large  deposits,  at  Cove  Creek.  Millai-d  county.  In  California,  at  the 
ffeysers  of  Na|)a  valley.  Sonoma  Co.;  in  Santa  Barbnni  in  goo'l  crystals:  near  Clear  Lake» 
I^ke  Co.,  a  large  deposit.    In  the  Yellowstone  Park,  in  deposits  and  about  the  fumaroles. 

Selensnlphor.  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  front 
the  islands  Yulcano  and  Lipari. 

ARSBNIO. 

Rhombobedral.  Generally  granular  massive;  sometimes  reticulated^ 
reniform,  stalactitic. 

Cleavage:  c  highly  perfect.  Fracture  uneven  and  fine  granular.  .Brittle. 
H.  =  3*5  G.  =  5*63-5*T3.  Luster  nearly  metallic.  Color  and  streak  tin- 
white,  tarnisliing  to  dark  gray. 

Comp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold, 
or  bismuth. 


r. — B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coulwith  white  arsenic 
trioxide,  and  affords  a  garlic  odor;  the  coating  treated  in  R.  F.  volatilizes,  tingeing  the 
flame  blue. 

Obs. — Occurs  in  veins  in  crystalline  rocks  and  the  older  schists,  often  accompanied  by 
ores  of  antimony,  ruby  silver,  realgar,  sphalerite,  and  o'her  metallic  minerals.  Thus  in  the^ 
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trilver  mines  of  Saxony ;  also  Andreasberg;  Joacbimstbal,  Bohemia ;  in  Hungary;  Norway, 
etc  Abundant  at  Cbaiiar^illo,  Cbili.  In  the  U.  S.  sparingly  at  Haverhill  and  Jackson, 
N.  H. :  near  Leadville,  Colorado;  Watson  Creek,  British  Columbia. 

Allemontite.  Arsenical  Antimony,  SbAsa.  In  reniform  masses.  G.  =  6-308.  Luster 
metallic.     Color  tin-white  or  reddish  gray.     From  Allemont;  Pfibram,  Bohemia,  elc. 

Tellurium.  In  prismatic  crystals  (Fig.  14,  p.  10);  commonly  columnar  to  fine-granular 
miissive.     G.  =  6*2.    Color  tin-white.    From  Transylvania  and  Colorado. 

ANTIMONY. 

Rhombohedral.  Generally  massive^  lamellar  and  distinctly  cleavable;  also 
radiated;  granular. 

Cleavage:  c  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  H.  =  3-3-5.  G.  =  6-65-6-72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp. — Antimony^  containing  sometimes  silver,  iron^  or  arsenic. 

P^. — B.B.  on  charcoal  fuses,  gives  a  white  coating  in  both  O.  F.  and  R.  F.;  If  the 
t)lowmg  be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is 
Anally  crusted  over  with  prismatic  ctystals  of  antimony  trioiide.  The  white  coating 
tinges  the  R.  F.  bluish  green.     Crystallizes  readily  from  fusion. 

Obs.— Occurs  near  Bala  in  Sweden;  Andreasberg  in  the  Harz;  Allemont,  DauphinS; 
Pftbnini,  Bohemia;  Mexico;  Chili;  Borneo.  In  the  U.  8.,  at  Warren,  N.  J.,  rare;  in  Kern 
Co.,  Cal.  At  Prince  William  parish,  York  Co..  N.  Brunswick. 

BISMUTH. 

Rhombohedral.     Usually  reticulated,  arborescent;  foliated  or  granular. 

Cleavage:  c  perfect.  Sectile.  Brittle,  but  when  heated  somewhat  malle- 
able. H.  =  2-2-5.  G.  =  9-70-9-83.  Luster  metallic.  Streak  and  color 
fiilver-white,  with  a  reddish  hue;  subject  to  tarnish.     Opaque. 

Comp.,  Var. — Bismuth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

P3rr.,  etc.— B.B.  on  charcoal  fuses  and  entirely  volatilizes,  giving  a  coating  orange- 
yellow  while  hot,  lemon-yellow  on  cooling.  Fuses  at  265°  C.  Dissolves  in  nitric  acid; 
subsequent  dilution  causes  a  white  precipitate.     Crystallizes  readily  from  fusion. 

Obi. — Occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  clay  slate,  accompanying 
various  ores  of  .silver,  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  baxony  and  Bohemia, 
-etc.;  Meymac.  Corr^ze,  France.  Also  at  Modtim,  Norway;  at  Falun,  Sweden.  In  Corn- 
wall and  Devonshire;  near  Copiapo.  Chili;  Bolivia. 

Occurs  at  Monroe,  Conn.;  Brewer's  mine,  Chesterfield  district,  S.  Car.;  near  Cummins 
City,  and  elsewhere  in  Colorado. 

Zinc.  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained  in 
hexagonal  prisms  with  tapering  pyramids;  also  in  complex  crystalline  aggregates.  It  also 
appears  to  crystallize  in  the  isometric  system,  at  least  in  various  alloys. 


Gold  Group. 
GOLD. 

Isometric.  Distinct  crystals  rare,  o  most  common,  also  d  (110),  m  (331^, 
:and  :r  (1810'1);  crystals  often  elongated  in  direction  of  an  octahedral  axis, 
giving  rise  to  rhombohedral  forms  (Figs.  452,  453,  p.  135),  and  arborescent 
shapes;  also  in  plates  flattened  ||  o,  and  branching  at  60°  parallel  either  to  the 
edges  or  diagonals  of  an  o  face  (see  pp.  131,  132).  Twins:  tw.  plane  o. 
Skeleton  crystals  common;  edges  salient  or  rounded;  in  filiform,  reticulated, 
dendritic  shapes.  Also  massive  and  in  thin  laminae;  often  in  flattened  grains 
or  scales. 

Cleavage  none.  Fracture  hackly.  Very  itialleable  and  ductile.  H.  =  2-5-3. 
O.  =  15'6-19'3,  19*33  when  pure.  Luster  metallic.  Color  and  streak  gold- 
jellow,  sometimes  inclining  to  silver-white  and  rarely  to  orange-red.    Opaque. 
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Comp.,  Tar.— Gold,  but  usually  ulloyed  with  Bilver  in  Tarying  amouuts  aai 
sometimes  coutaining  also  traces  of  copper  or  iran. 


=  (18-1 0-1) 


V«r.— 1.  Ordiaitry.  Containing  up  to  16  p.  c.  of  silver.  Color  T«rying  accordingly 
from  ite«p  gi>1il-ye11ow  to  pnle  jullow.  iinil  speciSc  grtivitf  fmin  ttl'3  lo  16  6.  Tlic  thiih  of 
KT.lil  ro  silver  of  3:1  a.rrfsponils  lo  151  \>.  t.  silver.  For  0.  =  17-0.  Ag  =  9  p.  c  ; 
G.  =  16-9.  Ag  =  la  2i  Q,  =  14-6,  Ag  =  3S-4.  Boae.  Tliu  piireal  golij  wliicli  Iihk  been 
cltf8<:ri1ii'cl  J3  tliat  from  Moiiul  HurgiiD,  iu  Quueiistanil,  whicli  lius  yielded  99-7  lu  99-8  of 
g»lil,  tliL'  ruiiinlDiler  btfn^  copper  witli  a  liLlIu  Iron :  iiilver  is  present  only  as  a  minriie  iractt. 

•i  ArgtatifaroJta:  KUetrum.  Color  pale  yellow  lo  yelluwisli  wbite:  G  =  15-5-]8'5. 
Riitlo  for  Ibe  gol'l  iind  "ilvvr  of  I:  I'correspoiiils  to  W  p.  c.  of  silver;  1):  1,  lo26  p.  c; 
2;  1.  1 1  ^1  p.  c;  2):  1,  to  18  p.  c.  Toe  n-ord  in  Dreek  me  ids  »\mitmber;  and  its  use  far 
tbls  alloy  prolmbly  nrose  from  lbs  i  ale  yellow  color  It  has  as  coinpunil  wllb  gold. 

Vnrieties  liavu  also  heeu  described  conmiuiog  palladiimi  to  Hi  ii  c.  (^orpttUe),  froiD 
Porpez,  Briizil ;  binmulb,  iuclndiog  Ibe  black  golil  of  AiiBiralia  imiUdoaiU,  Ulricb) :  alto 
rbo(]iiim(?). 

Pyr.,  el/3.— I)  B.  fuses  easily  (at  1100'  C.)-  Not  ncted  on  by  fluxes.  Insoluble  in  any 
BtnKleiiclil;  soluble  iu  nilro-liyilrocbloric  acid  (aqua  regia),  the  separation  not  complete  if 
more  tliao  30  p.  c.  Ag  is  present. 

Dlfi.— Ileiidily  recogDized  (g  g. ,  from  otber  metallic  miuerals.  niso  from  scnles  of  yellow 
mic^i)  by  tis  mallenUllily  iind  liigli  s|)eciflc  gmvity,  wiilcb  lust  makes  it  possible  lo  separate 
It  fi-om  Ibe  ^aiigne  by  wasliing;  diitinguisUed  from  clnilcopyi-lte  iiud  pyrile  by  Insolubllilf 
Id  nliric  nciil   bolb  of  wbicli  are  brittle. 

Oba»rTaUona.—Niaivo  gold  is  found.  whi'H  i/twiw.  wlih  cnrnpamiiTcIv  ^nmll  ejtceptiona. 
Id  tbe  qunrlz  veins  lliiU  iuiersei:t  nietamorpblc  rocks,  and  to  some  extent  in  tlie  wall  rock  of 
lliese  veins.  Tbe  mefnraorpliic  rocks  tints  interwcted  are  mosilv  cliloritic  lalco^  nntl 
arijiilHCious  sclilst  of  diill  green,  dark  gniy,  and  otb.T  colorj;  nlso.  miicb  Ipss  ^'mmonly 
micii  and  horableudlc  stiliHi,  gneiss,  dioriie.  pnrplivry;  and  slill  more  mrelv  irranlie  A 
liimlnk  eil  qnarizitK,  called  iL-iciiliiiuite,  U  coiniiion  in  manv cold  netoni  ai  ihow  of  BrnBit 
an.l  Norlli  airoliini,  and  somsLimes  BpecuUir  wiiisis.  or  slaiv  r.M>ks  ronuiiiiiiiB  mui-li  foliated 
■peoilar  iron  (liumnUte)  .ir  masfoeiite  In  gmiiis,  A  (imrtxone  con^lomf-rnte  Ig  «>metim« 
nclilv  iiurifuroiis  iis  In  Transvaal      Less  fri'qnently  ralHtc  is  liip  vin  inaicrial 

Tlie  kfold  occurs  in  lUe  quarli.  IrreiHlnrly  ilistriUnii-d.  In  strinpt.  urnW  pWes  «nd  In 
masses  wbicU  are  somelinics  an  iigglomeniilon  of  f  rvslnli.:  and  tliR  .cal.-a  are  ofi.-n  invWhle 
to  liie  nake  I  eye.  Tbe  asiooiali^l  minerals  nrc :  i)yrile,  wlilch  far  exre<>d«  in  qunxltiv  all 
others,  and  is  generally  auriferout;  next,  clialcopyrftp.  g-ilf-na.  sphnlcritn  nrwnnnvriiB  rvch 
frequently  aiiriferims:  often  teintdymiie  and  olhPT  i''llnrli[m  .ire«.  native  liNmnth  ii.iUve 
arwiic,  Btibniie.  einnabar,  mngnctile,  litmntite;  soraetlm™  Imrite.  sc'-eelt'e  mmiitp  llniriie 
■Idorlte.  chrvsooolla.  The  qiiartz  nt  the  surface,  or  in  the  nnp^r  pnit  of  a  voin  Is  inKally 
cellular  and  riisleil  from  the  mora  or  less  coiujiU'tc  iHsap'«iranct-  of  llie  nvrite  and  other 
>iilp'ilde4  by  dacom|>osition;  but  lielow.  it  is  roinmonlv  ^olid 

The  gold  of  ih.-  world  was  aijly  eiilhend,  not  direrily  from  the  qnnrti  vHns  fllio 
"  (iiiNrix  reefs  of  Austmlin  and  Aditn).  lint  fn>m  llie  gmvel  or  snnds  a!  rivprti  or  vallevs 
: ,r ,  regions,  or  the  slopes  iif  nioiiiitHins  or  hills.  who«p  nvlis  cont.iln  in  some  part. 


ernlly 


lot  fur  distill 


mining  {ptaeer  digging*)  has  been  carried  r 


In  Cnltfornia  llii-  melliod  of  hvdri-..,,. 
a  stupendous  scale.    Most  of  the  gold  of 
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the  Uruls,  Brazil,  Australia,  and  all  other  gold  regions  has  come  from  such  alluvial  wtishings. 
At  the  present  time,  however,  the  alluvial  wiishings  are  much  less  depended  upou,  in  many 
regions  all  the  gold  being  obtained  direct  from  the  rock. 

The  alluvial  gold  is  usually  in  flattened  scales  of  difft-rent  degrees  of  fineness,  ihc  size 
depending  partly  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance 
to  which  it  h&s  been  transported  and  assorted  by  running  ^ater.  The  rolled  masses  when, 
of  some  size  are  CJilled  iinggein;  in  rare  aises  these  ottcur  very  large  and  of  great  v«lu»f. 
The  AustRilian  gold  region  has  yielded  muny  large  nuggets:  one  of  these  found  in  18^i^ 
weigh,  d  184  pounds,  and  another  (18e$9)  weighed  190  poumls.  In  the  aurifero  s  sands, 
cryijtals  <it  zircon  are  very  common;  also  garnet  and  cyanite  in  grains;  often  also  monaziie, 
diamond  topaz,  conindum,  iridosmine,  platinum.  The  zircons  are  sometimes  mistaken 
for  diamonds. 

Besi<ies  the  free  gold  of  the  quartz  veins  and  gravels,  much  gold  is  also  obtained  from 
aurifen)us  sulphides  or  the  oxides  produced  by  their  alteration,  especially  pyrite.  also 
arseuopyrite,  chalcopyrite.  sphalerite,  marcasite,  etc.  The  only  minerals  containii.g  gold  in 
combination  are  the  rare  tellurides  (sylvanite.  etc.). 

Qo'.d  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of 
crystalline  rocks,  especially  those  of  the  semi-crystalline  schists;  and  also  in  some  of  the 
lari^e  islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  occurs  with  silver  ores  in 
Hungary;  in  Transylvania  at  Veresimtak  and  Nagyag;  in  the  sands  of  the  Rhine,  the 
Danube  and  other  rivers;  on  the  southern  sloi)eof  the  Pennine  Alps;  in  Piedmont;  in  many^ 
of  the  streiuns  of  Cornwall;  in  North  Wales;  in  Scotland,  near  Leadhills;  in  the  county  of 
Wicklow,  Irehind;  in  Sweden,  at  Edelfors;  in  Norway,  at  Kongsberg. 

In  Asia,  gold  occurs  along  the  e^istern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Bcrezov  mines  near  Ekaterinburg:  also  at  Petropavlovski:  Nizhni  Tagil»k; 
Miask,  near  Zlatoust  and  Mt.  Ilmen.  etc.  Ekatennburg  is  the  capital  of  the  mining  district. 
Sib  rian  mines  less  extensive  occur  in  the  lesser  Altai;  at  Nerchinsk,  east  of  L.  Baikal/ 
including  the  Kam  mint  s.  Asiatic  mines  occur  also  in  Little  Thibet,  Ceylon,  and  Malacca, 
China  especially  in  the  Amur  district,  Corea,  Japan,  Formosa.  Sumntm.  Java,  Borneo,  the- 
Pbilippines,  and  other  East  India  Islands;  at  numerous  points  in  British  India. 

In  Africa,  gold  occurs  at  Kordofan,  between  Darfur  and  Abysi»inia;  also,  south  of  the 
Sahara  in  weKtern  Africa,  from  ttie  Senegal  to  Cape  Palmas.  Also  in  Transvaal  in  southern 
Afn<'a.  at  Lydeuburg,  l)oth  quartz  veins  and  alluvial  washings,  and  at  Eersteliug;  recently 
the  Kaap  gold  fields  in  southeastern  Transvaal  have  become  very  pnxluctive:  the  chief 
town  of  the  region  la  Barlierton.  The  quartz  reefs  of  Witwatersnmd  in  the  immediate' 
vicinity  of  Johannesburg,  fan  her  west,  are  also  very  productive;  here  the  gold  occurs- 
largely  in  a  quart zose  conglomerate. 

In  South  America,  pohl  is  found  in  Brazil;  in  the  U.  S.  of  Colombia;  Chili;  Bolivia;, 
sparingly  in  Peru.     Also  in  Central  America,  especially  in  Honduras;  also  San  Salvador, 
Guatemala.  Costa  Rica. 

In  Anstrnlia,  the  prificipal  gold  mines  occur  along  the  streams  in  the  mountains  of  New 
South  Wales  and  along  the  continuation  of  the  same  ransre  in  Victoria.  •  Also  obtained, 
largely  in  Queensland.  N    Australia.  |)artioulnrly  at  Mt.  Morgan,  Rockhampton  district 
Als^>  ornirs  in  Tasmania,  New  Zealand,  anri  New  Caledonia. 

In  Nffrth  Am'^rira,  there  are  numl)erless  mines  along  the  mountnins  of  western 
America  and  offers  alone:  the  eastern  rang«  of  the  Appalachians  from  Alnbama  a!id  Georgia 
to  I^nbnidor.  besides  «ome  in  portions  of  the  int'Tmcfdiate  Archean  reeion  about  Lake 
S'iperior.  Th'^v  orrnr  at  many  points  nlofiij  the  higher  regions  of  the  Rocky  Monntaifis, 
in  M«'X'ro.  in  ^ow  Mexico,  near  Santa  Fe.  C'tHIos.  Avo,  etc.;  in  Arizona,  in  the  San  Fran- 
riMoo.  Wi  ih',  Ynmn.  and  other  districts;  in  Colorado,  abundant,  the  gold  largely  in  aurif- 
erors  nvritf*s,  al*a>  in  connection  with  tellurium  minerals;  the  Cripple  Creek  rei!"i'»n  in 
Colorado  nffords  at  present  larire  qn-ui titles  of  cold;  also  in  Montana;  the  Bhick  Hills  of 
Dakotfi!  Id-dio  esnerinllv  the  Cceur  d'AlCne  district,  also  Utah  Along  nmgps  betwee*  the 
snmmif  atid  the  Sierra  Nevada,  in  the  Humboldt  retrion  and  elsewhere.  Also  in  the  Sierra 
Nevrida.  mostly  ofi  its  western  «lope  Ohe  mines  of  the  PMstern  beincr  nrineipallv  silver 
mines)  The  auriferonq  bel»  may  be  Sfifd  to  beein  in  the  Califoridan  penin«nla  Neir  ihe 
Teion  pn««  it  enteri  Cjilifmnia.  and  bevoiid  for  IftO  miles  it  is  spnritiglv  auriferous  the  slate 
ro<-ks  bein2r  of  sinrdl  breadth:  but  bevond  this,  northward,  the  slates  increase  in  extent,  and 
tti*»  mines  in  number  and  productiveness.  :md  thov  poniinue  thus  for  200  miles  or  more. 
Gold  oernrs  also  in  the  Coa«t  ranires  i?i  manv  localities,  but  mostly  in  too  small  quMn'ities 
to  b«'  profifatdv  worke<l.  The  recrions  to  the  north  in  Oreeon  and  in  Washington  ati(t 
Alaska,  w'th  Bri»i«h  Cobimbia.  are  at  mnnv  points  auriferous,  and  productively  .so.  th'»ucrh 
to  a  h*ss  exti'ut  than  California.  The  Cariboo  re(rio?»  on  the  Fraser  river,  and  the  C  ssiar 
district  on  the  Stickeen,  have  yielded  conshlcrable  amounts.   The  Alaska  quartz  mines  hav& 
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tii«n  worked  to  ^ome  xlTinitage.  asiilso  ilie  gravtl»  nf  ll:e  T iihnn  rfver  niid  ils  tribulariu; 
«f  ihe  Intler,  ibe  Kli'iidike  Ib  ui>w  nM)8|  n:|iiiie<l  lo  l>e  riibiiluuHiy  rich. 

In  eusteru  Noiil)  Atiiericii,  llie  ciiief  mines  arv  uiuslly  couflutil  lo  [lie  Siaieaof  Vlrgiiiia. 
NoTili  uod  Soiiili  Cin'olinn.  and  Georgia,  or  along  a  Hue  from  Ib«  JtnppaliattDOck  lo  tliu 
Coosti  it]  Alabama.  In  Canada,  gold  occurs  lo  ibt  soutli  nf  tlif  8l.  Lawreuce,  iu  llie  edi'I  on 
tlie  Cliiiudi£re  aud  I'lHcwIicre:  In  Nova  Scutin.  iit  Dcliiro.  aaxr  Hastiugs.  Ouinvio  (in  iir^'ni- 
pjriie).  also  in  tlie  Pon  ArLbur  region,  uoJih  of  Lake  Superior,  and  iu  tbe  river-KTBTt-Jn  ■  f 
tiic  Puciflo  alupt.  lui  befoi'e  Doled. 

Tlie  world's  prodiictiou  of  gold  was  iu  ISST  nbouL  1350.000,000,  liHving  cuiitUlctabh 
more  tli:in  doubled  »tuce  1800.  Of  tbie  auioiiiK  ibe  UDile<l  SUiles  aSordeil  iiboul  |G1  fiO;v 
'000.  Af rjcn  nboiit  f 6)j.O00,0VO,  Auairiilia  nearly  f 56.000.000.  Riiasm  about  f28.TOl),O«0.  i:' .1 
oilier euiiutrieaiCliinu,  Canada,  lodia.  So.  Aniericn,  etc.)  Ibe  remainder.  ]i  isalsn  iiiierp^l!i';' 
to  uote  ibal  iu  ltl97  ibe  prodiiciiou  wan  nearly  ibe  same  for  tbe  States  of  C'aiifuri.in  mm  ■ 
Colorado,  tlie  foniier  (17.01)0.000,  llie  latter  a  little  in  excess  of  this  amouut.  Li  ItCU 
Colorado  produced  only  a  liltle  more  Ibau  (4,000,000. 

SILVER. 

Isometric.  Crystals  commonly  distorted,  in  acicular  forms,  reticulata]  or 
arborescent  shapes;  coarse  to  fine  filiform;  also  massive,  in  plates  or  fiiitteiicil 
scales. 

Cleavage  none.  Ductile  and  malleable.  Fractnre  hackly.  H.  ^  2'.'>-3. 
G.  =  lO'l-lll,  pure  10'5,  Luster  metallic.  Color  and  streak  silver- white, 
often  gray  to  block  by  tarnish. 

Comp.,  Tar.— ii^ilver,  with  some  gold  (up  to  10  p.  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

PTT.,  etc. — B.B.  ou  cbarecal  tiitttn  entily  lo  n  sllvor-wbile  globide,  wliicb  In  O.F.  iEi*eB 
«  faint  dark-red  cotiliug  of  silver  oiide  ;  crj slalliiiea  on  cooliu); ;  fiiBiliilliy  abotu  1050"  C. 
Soluble  in  nitric  add,  and  ileposlud  rgain  b)*  a  |  laie  of  copper,  Precipitaled  from  its 
wiliilioiis  by  hydrocbloric  acid  in  wbilc  cuidy  fnrnis  nf  silver  cbloride, 

DIE — DiHtinguislied  iiy  ils  malleability.  lolur  (on  Ibe  fresli  surface),  and  spiciflc^avlly. 
Oba. — Native  silver  occurs  in  niaxses,  nr  in  arboiesceni  and  Btiform  slmpi-s.  in  vtmslraT. 
«rslug  gncisti.  si'bi^i,  putphyry,  and  olber  rucks.     Also  ocfurx  diss«niina1ed.  bnl  iieunlly 
iuvisibly.  In  native  copper,  galinu,  cUalcocile,  etc.:  rarely  Iu  volcauiC'Ufbcb (Mallet). 

The  mines  of  Kcngaberg.  in  Nnrnny,  bave  affoidid  maeuillcenl  i' pec  I  men!':  also  Ibe 
S:ixiiu  mines:  occurs  in  Bobeniiii  nl  Pribiam  and  Joacbfinsllinl;  at  Andnssbir^i  HiingnTy; 
Allemoni,  Danphini:  in  the  Ural  near  Berez.ov:  in  Ilic  Altai,  at  Zniiov;  and  in  i^onie  of  tbe 
Cornisli  mines.  In  Duraiiiio,  Sinulos,  and  Sononi,  ir>  Mexico,  aie  noted  mines  affording 
native  silver;  abundant  in  Peru. 

tu  tbe  Uailed  Stales  ditmeminntpd  ibroiigli  mnrliof  llie  copuerofMiiliigenint  Silver  Islet 
aud  at  Port  Arthur,  Lake  Superior,    Occurs  fn  Idabo.  at  tl  e  "Poor  Han's  lode":  in  Nevada, 
gS7  rar«:  la  Califoiula,  sinrincly  :  in  Silv<  r  Moiirlaiii  dlsinit,  Alpine 

Co.:  in  Ibe  Maris  vein.  In  Lob  Aii]"   '"  "        '    "  ■       ■ 
locniilies.  especially   v 
Butte,  Silvpr  Bow  Co.,  wiili  iiianpanese  o 
Silver  King  mine,  and  with  aigenliferouaotes  elsewbere. 


COPPER. 

Isometric.     The  tetrahexahedron   the  most  common 
form  (Fig.  587);  also  in  octahedral  plates.    CrTstiils  often 
irregularly  distorted  and  passing  into  twistpd  and  wire- 
like  forms;  filiform  and  arborescent.     Mhssivc:  as  sand. 
h  =  (410)  Twins:  tw.pl.  o,  very  common,  often  flattened  or  elongated 

to  Eppar-shaped  forma.     Cf  pp.  131,  13-. 

(jloavagenone,  Fractnre  liacklv.  Highly  ductile  and  niiilleable.  H.=  2-5-3, 
G.  =  8S-8-9.  Luster  metallic.  Color  copper-red.  Streak  metallic  shining. 
Opafjue,     An  excellent  conductor  for  heat  and  electricity. 

Comp.— Pure  copper;  often  containing  some  silver,  bismnth,  mercury,  etc. 
Pyr.,  et«.— B.B.  fuses  readily;  on  cooling  becomea  covered  wiib  a  coaling  of  black 


NATIVE   ELEMENTS.  279 

oxide.    Dissolves  readily  fn  nitric  acid,  giving  off  red  nitrous  fumes,  aod  produces  a  deep' 
azure-blue  solution  witli  ammouia.     Fusibility  TbO""  C. 

Obs,— Copper  occurs  iu  beds  and  veins  accompanying  its  various  ores,  especially  cuprite, 
malachite,  and  azurite;  also  with  the  sulphides,  chalcopyrite,  chalcocite,  etc.;  often 
abundant  in  the  vicinity  of  dikes  of  igneous  rocks;  also  in  clay  slate  and  sandstone. 

Occurs  at  Tiiriusk,  in  the  Ural,  in  fine  crystals;  at  Nizhni  Tagilsk  and  elsewhere; 
Siberia.  In  Germany,  at  the  Friec^lrichssegen  mine,  Nasstiu.  Common  in  Cornwall. 
Brazil,  Chili,  Bolivia,  and  Peru  afford  native  copper.  Iu  South  Australia  abundant  at 
Wallaroo;  in  New  South  Wales. 

Occurs  native  throughout  the  red  sandstone  region  of  the  e.istern  United  States,  spar- 
ingly in  Miissachusetts,  Connecticut,  and  more  abundantly  in  New  Jersey.  Near  New 
Haven,  Conn.,  a  mass  was  found  in  the  drift  weighing  nearly  200  pounds;  smaller  isolated 
masses  have  also  been  found.  The  Lake  Superior  copper  region,  near  Keweenaw  Point, 
in  northern  Michigan,  is  the  most  important  locality  in  the  world.  The  copper  is  obtained 
practically  all  in  the  native  state,  sometimes  in  immense  masses,  and  is  obtained  over  an 
area  200  miles  in  length.  It  occurs  iu  both  amygdaloidal  dolerite  and  sandstone,  near  tlie 
junction  of  these  two  rocks;  associated  with  calcite,  prehnite,  datolite,  analcite,  etc>;  also 
distributed  widely  in  grains  through  the  sandstone.  Occurs  sparingly  in  California.  In 
Arizona,  common  at  the  Copper  Queen  mine,  Cochise  Co.;  also  in  Grant  Co.,  N.  Mexico, 
at  the  Santa  Rita  and  other  mines. 

MBRCURT.    Quicksilver.     Gediegen  Quecksilber  Qerm, 

In  small  fluid  globules  scattered  through  its  gangue.  G.  =  13*596.  Lus- 
ter metallic,  brilliant.     Color  tin-white.     Opaque. 

Comp. — Pure  mercury  (Hg);  with  sometimes  a  little  silver. 

Pyr.,  etc.— B.B.  entirely  volatile,  valorizing  at  350*  C.  Becomes  solid  at  —  40"C., 
crystallizing  in  regular  octahedrons  with  cubic  cleavage;  G.  =  14'4.   Dissolves  iu  nitric  acid. 

Obs.— Mercury  in  the  metallic  state  is  a  rare  mineral,  and  is  usually  associated  with  the 
sulphide  cinnabar,  from  which  the  supply  of  commerce  is  obtained.  The  rocks  affording 
the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.  Also 
found  iu  connection  with  hot  springs.     See  cinnabar. 

LEAD. 

Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H.  =  1*5.  G.  =  11*37, 
Harstig  mine.     Luster  metallic      Color  lead-gray.     Opaque. 

Comp. — Nearly  pure  lead;  sometimes  contains  a  little  silver,  also  antimony. 

Pyr. — B.B.  fuses  easily,  coating  the  charcoal  with  a  yellow  oxide  which,  treated  in 
R.F.,  volatilizes,  giving  an  azure-blue  tinge  to  the  flame.  Fusibility  830**  C.  Dissolves 
easily  in  dilute  nitric  acid. 

Obs. — Of  rare  occurrence.  Found  at  Pajsberg,  Harstig.  and  L&ngbau  in  Sweden; 
similarly  at  Nordmark;  also  in  the  gold  washings  of  the  Ural;  reported  elsewhere,  but 
localities  often  doubtful.  In  the  U.  S.,  occurs  at  Breckinridge  and  Gunnison,  Colorado; 
Wood  River  district,  Idaho. 

AMALGAM. 

Isometric.  Common  habit  dodecahedral.  Crystals  often  highly  modified 
(Fig.  100,  p.  39).     Also  massive  in  plates,  coatings,  and  embedded  grains. 

Cleavage:  d  in  traces.  Fracture  conchoidal,  uneven.  Rather  brittle  to 
malleable.  H.  =  3-3-5.  G.  =  13-75-14-1.  Luster  metallic,  brilliant.  Color 
and  streak  silver-white.     Opaque. 

Comp. — (Ag,Hg),  silver  and  mercury,  varying  from  Ag,IIg,  to  Ag„Hg. 

Var.— Ordinary  amalgam,  AgaHgs  (silver  26*4  p.  c  )  or  AgHg  (silver  350);  also' 
AgftHgs,  etc.  Arquerite.  Ag.aHg  (silver  86'6);  G.  =  10  8;  malleable  and  soft.  Kongs- 
bergite,  Ag^iHg  or  AgieHg. 

Pyr.,  etc. — B.B.  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left.  In 
the  closed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute 
globules.    Dissolves  in  nitric  acid.     Rubbed  on  copper  it  gives  a  silvery  luster. 

Obi.— From  the  Palatinate  at  Moschellandsberg;  at  Fiiedrichssegen,  Nassau;    front 
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Sftla.  Sweden;  Eoogsberg,  Norway;  Allemout,  Dauphiu6;  Almaden,  Spain;  Chili;  Vitalle 
Creek,  Br.  Columbia  {arqueriU). 

Tin.  Native  liu  has  been  reix)rte<l  from  several  localities.  The  ouly  occurreuce  fairly 
above  doubt  is  tbat  from  the  wasliiugs  nt  the  headwaters  of  the  Clarence  river,  near 
Obnn,  New  South  Wales.  It  has  beeu  found  here  in  grayish-white  rounded  grains,  with 
platinum,  iridosmiue,  gold,  cassiteriie,  and  corundum. 


Platinum-Iroti  Group. 
PLATINUM. 

Isometric.     Crystals  rare;  iisnally  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  ductile.  H.  =  4~4'5. 
G.  =  1-1-19  native;  21-22  chem.  pure.  Luster  metallic.  Color  and  streak 
whitish  steel-gray;  shining.     Sometimes  magnetipolar. 

Comp. — Platinum  alloyed  with  iron,  iridium,  osmium,  and  other  metals. 

Host  platinum  yields  from  8  to  15  or  even  18  per  cent  of  iron,  0-5  to  2  p.  c.  palludium,. 
1  to  8  p.  c.  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0*5  to  2  p.  c.  or  more  of 
copi>er. 

Var.— 1.  Ordinary.  Non-magnetic  or  only  slightly  magnetic.  G.  =  lOS-lS'O  mostly. 
2.  Magnetic,  G.  about  14.  Much  platinum  is  magnetic,  and  occaiiionnlly  it  has  polarity. 
The  magnetic  properly  seems  to  be  connected  with  high  |)ercentnge  of  iron  (ironplatiuum^ 
Eisenpiutin  Germ  ),  although  this  diittinciioii  does  not  hold  without  exception. 

Pyr.,  etc.— B.B.  infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in' 
heated  nitro  hydrochloric  acid. 

Dift — Disiiuguished  by  its  color,  malleability,  high  specific  gravity,  infusibility  and 
insolubility  in  ordinary  acids. 

Obs. — Platinum  was  first  found  in  pebbles  and  small  grains,  associated  with  iridium, 
ffold,  ciiromite,  etc.,  in  the  alluvial  deposits  of  the  river  Pmto.  in  the  district  of  Choco^ 
Colombia,  S  America,  where  it  received  iis  name  platina  (platina  del  Pinto)  fmm  plata, 
silver.  In  Russia  (discovered  in  1822)  occurs  in  alluvial  material  in  the  Ural  at  Nizhni 
Tagilsk.  and  with  chromite  in  a  serpentine  probably  derived  from  a  peridotite;  also  in  the 
Goroblagodatsk  district.  Also  fouud  on  Borneo;  in  New  Zealand,  fnim  a  region  charac- 
terized by  a  cbrysoite  rock  with  serpentine;  in  New  South  Wales,  in  the  Broken  Hill 
district,  and  in  gold  washings  at  various  points. 

In  California  in  the  Klamath  region,  at  Cape  Blanco,  etc.,  not  abundant;  in  the  gold 
wa^Uiings  of  Cherokee,  Butte  Co  ;  at  St.  Fran9ois,  Beauce  Co.,  Quebec;  at  several  points 
in  Briish  Columbia. 

Iridium.  Platin-iridium.  Iridium  with  platinum  and  other  allied  metals.  Occurs 
usually  in  angular  nains  of  a  silver-white  color.  H.  =  6-7.  G.  =  22*6-22-8.  With  th» 
platinum  of  the  Urals  and  BraziL 

IRIDOSMINB.    Osmiridium. 

Rhombohedral.     Usually  in  irregular  flattened  grains. 
Cleavage:    c  perfect.     Slightly  malleable  to   nearly  brittle.     H.  =  6-7- 
O.  =  19-3-21-12.      Luster  metallic.      Color    tin-white    to    light  steel-gray. 

Opaque. 

Comp.,  Tar. — Iridium  and  osmium  in  different  proportions.  Some  rhodium, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.— 1.  Nevyan$k%ie,  H  =7:  G.  =  18 '8-19  5.  In  flat  scales:  color  tin-white.  Over 
40  p.  c.  of  iridiuin.  2.  Sis^rskite.  In  flat  scales,  often  six-sided,  color  grayish  white,  steel- 
gray.     G.  =  30-21 '2.    Not  over  30  p.  c.  of  iridium.     Less  common  than  the  light-colored 

varietv 

I>i£r.~Distinguished  from  platinum  by  greater  hardness  and  hy  its  lighter  color. 

Oba.— Occurs  with  platinum  in  South  America;  in  the  Unil  mountains:  in  auriferouf^ 
drift  ill  New  South  Wales.  Rather  abundant  in  the  auriferous  beach-sands  of  norUiera 
Galifornia. 


VAT1TE   CLEHESra. 


5*1 


n^b&^ — hTadf  cm,  aTifnvd  *r)l)i  m  'Unit  T>~«t=(iQa  ukI  iiWsv  1|>ijCt  mi  rn^Wi. 
I1.  =  4S-S.  G.  =  n  i-n-&  C<J0r  «b-:iiu  aMJfrav.  Ottvnviik  r<4hiiBUTn  fe  B«iil. 
•Isafnia  ifae  Unk. 

H>rL  IB  ^naJ  IttKafcoal  imbjet  iiiJi  fold. 


IsoiTtetric    Usoallv  msGdvp.  nrvlir  in  rnrsutls. 

hicklT.    M«]]eal.l*-.    H  =  4-5.     G.  =  TS-:-!?.     Luster  nwlalluv    Color  *i**K 
gray  t©  irc'U-blaek.     Siroiidy  m^neiic. 


.!.     Tliis  ii^'u  cnnixiiif  I  m  a  (v  c,  irf  Si.     Siaw 
:.  nuy  be  in  tad  U'nwtu^;  t^..  iW  ^nn 


Tar.— 1.  TiiiMtiiil  Iiom.     FfHinJ  ii 
Sinnil  mi!i^'^-led    larsicltr*.    i:i   b-mlt  al  1 

olucT  >«currmo-s,  a^:uil!y  clsiet^  ^l  dicicit 
Calfa  riT*  ir.«i  of  Braiil  tliwoieivd  iii  1^;.V. 

A  tiickr;ifMiuu-  mrlalUc  iro3  ,F.-Xi,(  t-alled  *»wpiMj*oefur*  («  ihf  liiift  of  ih»  Iwipp 
riTtr.  wb-.cii  riupiitrs  into  A'anu  Bay  on  ibe  WMI  i-«ul  ■>!  tlir  AodU  j>li<a<<  >>f  Nrw 
Zeiliinil.  u^K-iueil  wiih  gi>].],  pUtiuuni.  mskiierilr.  rliioniiip;  |<i»tial>:5'  ilnivnl  fivnt  » 
paniidly  *  rpeatiaizL-d  prdiluitF.  Jn^fp^iiite  it  a  iiii-k<  1-in>D  i^ViNU^  f»>M  Oi<r|^ta, 
occuTTiag  in  Btnivn  ^ ivel  Natir«  iron  al-«>  accui«  siwriiigly  in  siuu«buk.U:  i>[y^i(<d 
from  gold  or  platinum  vasbines  at  Tariotis  points. 

a.  Hotacvfc  Irca.  KiiliTe~  inm  al-o  on-un  in  mnai  ractrariti^  forniixfr  In  sumr  nw>M 
(a)  Uie  mtiiv  maat  <iri-«  meUoriltt;  al9»<A)  ns  a  spnitg.v.  dllDlKr  niaiiiv  in  irliii^h  ai* 
e  iilMblili-d  ^r>in<i<(ctiri>-iu)iiF<>ruilwr«i]id-i-«  *irfrr0^|}(«);(f>iQgT«iu«oi'ai:«)(«<lii<*rn)llMM 
more  ur  ieie  fn-ely  ilirouf iioii:  aaiooy  mairix  ^mftfrie  |__ 

tttnett.   Rnrely  a  mrlwjrite  cfHii'ieisot  a  iinjrlt  crysial.  ^°*- 

lanidlc  I  If  Cubic  ckxtiLi:  siitnHfinesolisrrreil;  al<o 
an  ocialii-dral.  lets  alien  <lo<]e<-:.l>e<lRil  bmelUr  -Mnic- 
tun  EitliiNg  with  ililiitr  nitric  nci<l  (or  ii<d'De) 
ciHiiiimuly  (I  Ti'lops  a  cryktallii.e  siruplnre  (ntllci] 
Wnlnuiit^itlenfiffura)  (Fig.  S88):  osutilly  conaisiinf 
of  lilies  or  baixls  croniliig  at  varions  niictca  nminliiig 
toiliedirv<rri<.Dor  tbew-ucioD.  at  GO' if  le.W  |n.  etc 
They  are  fnrineil  liy  ilir  eil);e)inf  rryv'Hlltne  plaiea, 
luuial  y  I  o.  iif  ibe  oickeliferiiug  imn  of  iliffereni  n>m- 
piHiUiiin  {kamaeite,  iaaite.  pUnite).  ns  slinirii  bv  llie 
fact  lliat  tlif-y  are  tliftc-eiiilj  miiiclieil  by  t!<c'aci<). 
Irons  witli  cubic  mnictiire  mill  nitli  iniiiiiiii|;  lanii-lln 
<«.y..  Bniiinau)  liave  n  vries  of  flue  lines  corn'»piiiu)- 
In^  lo  tliiiw  iievelnp<^l  by  ftcliiiig  {Neumi-nn  Untt). 
A  dalDiUCi'nt*  lusler  is  also  |>rodu(-ed  in  siiine  ciises, 
dill'  lo  quail h lateral  [lepressfims.  Some  irons  sbow  d 
etcbing. 

Tlie  eiltfiiir  of  mansi's  of  metroric  imn  Is  iisnalty  n 
roiiDileil  ihiimblike  depressi'iufl,  nnil  rbe  gnrfHiv  hI  ilie  lime  iif  fiiU  U  i 
iron  oxide  In  fine  riilKes  showing  lines  of  flow  due   lo  iiu:  inelliiiK  ci 
tleTe'oiieil  by  Ibe  resisiiioce  of  llie  iilr;  this  lllni  dlwptwnra  when  ihe  iroi 

Meieorii^  iron  Is  alwnys  ali-ived  w^rli  nIckiO.  wblch  isiisiislly  prcipnlininiiiiiinlsviiivlnd 
from  n  ti)  in  p.  c.  imnietimi-s  muih  more;  small  amiv  nia  <it  oiher  mdiil''.  ni  nilmlt, 
nianu'aneBc  tin.  i^pper.  chr»nii<im,  aie  iiIhii  often  rn'«en'.  Urclit'li-il  ga*!*  cnn  iininlly 
bf.  'lelecied.  Omphit",  in  iwhiiis  or  ilkIiiIi^r.  al>^i  imliiie  (iron  snlphMc).  srbrelb"nlln<ln)n< 
ulcltel  pbn«plil<li )  are  common  in  mii»i'»i  nf  nieleorlr  Iron;  diamond,  ilaiibrccllto.  vie.  um 
rare.     Oahtuilt,  sometUnea  idenlflied,  U  (Fe,Ni.Co>tC  In  lia-whlie  cryalala. 


GlorietaMt..New  M,-xi.o 
o  dlsttoct  cryBlalliae  atTuclure  upon 

r  less  (treply  plllnl  wllb 

"  ■     '  ■   ft  Him  of 

<lif  beat 
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n.    STTIiFHIDES,    SEIiENIDES,    TELIiUREDES,    ARSENIDES, 

ANTIMONIDES. 


The  sulphides,  etc ,  fall  into  two  Groups  according  to  the  character  of  the 
positive  element. 

I.  Sulphides,  Selenides,  Tellurides  of  the  Semi-Metals. 

II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 
the  Metals. 


I.  Sulphides,  etc.,  of  the  Semi-Metals. 

This  section  includes  one  distinct  group,  the  Stibnite  Group,  to  which 
orpiment  is  related;  the  other  species  included  stand  alone. 


Nagyag. 


Monoclinic.     Axes  d:h:i  =  1*4403  :  1  :  0-9729;  /3  =  66°  5'. 
689.  fnm"\  110  A  110  =  105°  34'.  r/,  012  a  012  =  47*  tST. 

Crystals  short  prismatic;  striated  vertically.  Also  granular, 
coarse  or  fine;  compact;  as  an  incrustation. 

Cleavage:  b,  rather  perfect.  Fracture  small  conchoidal. 
Sectile.  H.  =  1*5-2.  G.  =  3*556.  Luster  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from  orange-red 
to  aurora-red.     Transparent — translucent. 

Comp. — Arsenic  monosulphide,  AsS  =  Sulphur  29 '9,  arsenic 

701  =  100, 

Pyr.,  etc.— In  tbe  closed  tube  melts,  volatilizes,  and  gives  a  trans- 
parent red  sublimate;  in  tbe  open  tube  (if  heated  very  slowly)  sulphurous 
fumes,  and  a  white  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on 
charcoal  burns  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.  Soluble  in 
caustic  alkalies. 

Obi.— Often  associated  with  orpiment;  occurs  with  ores  of  silver  and  lead,  at  Felsdbdnya 
and  Kapnik,  Hungary:  Nagyag:  Joachimsthal:  Schneeberg;  Andreasberg;  Binnenthal, 
Switzerland,  in  dolomite;  near  Julamerk  in  Kurdistan.  In  the  U.  S.,  in  Iron  county, 
Utah;  also  in  California,  San  Bernardino  Co.;  Trinity  Co.,  in  calcite.  Norris Qeyser  Basin, 
Yellowstone  Park,  as  a  deposition  from  the  hot  waters.  The  name  realgar  is  from  tbe 
Arabic  Rah  j  al  ghftr,  jxnDder  of  the  mine, 

ORPIBSX2NT. 

Monoclinic*    Axes  d:h:i=  1-2061  :  1  :  0-6743,  /3  =  90^  approx. 

Crystals  small,  rarely  distinct.  Usually  in  foliated  or  columnar  masses; 
sometimes  with  reniform  surface. 

Cleavage:  b  highly  perfect,  cleavage  face  vertically  striated;  a  in  traces; 
gliding-plane  c  (001).  Sectile.  Cleavage  laminaa  flexible,  inelastic.  H.  =  r5-2. 
G.  =  3*4-3-5.  Luster  pearly  on  b  (cleavage);  elsewhere  resinous.  Color 
lemon-yellow  of  several  shades  ;  streak  the  same,  but  paler.  Subtransparent — 
subtranslucent. 

Comp. — Arsenic  trisulphide,  As,S,  =  Sulphur  39*0,  arsenic  61*0  =  100. 


*  See  Groth,  Tab.  Ueb..  17,  1898.    The  fine  crystals  from  Mercur,  Utah,  are  distinctly 
monoclinic  in  habit  (Pen field). 


BCIPHIDKa,  SELESFDES,  TELLCUDES,   AKSEX1DSS,   ASTiaOXIPES.         tSS 

—Id  tbecIoHd  tnbr.  : 


Pyr^. 


a.' gar.    DimcAn»  in  aqua  ngt>  aotl  «aa*tio  a:):al'>«. 

DMi— Dial iogiiiihrt  bj  h*  fioe  jd.ow  colw.  pcarif  luser.  «mt  ck*ntgr.  ud  Arx^UIitf 
when  ID  plates. 

Oba — Occur*  in  biis:I  crrvals  in  cbj  •!  Tajowa.  in  Upper  BaDjxiT;  in  foliaWiI  acil 
JlhTniiTi  mtmti,  ilMnliliTnin'lhr  Baoat:  at  E^inik  and  FrUUtaaraio  iurUiUir«rMtf  mes: 
St  Uic  Solfalara  nrar  Tfaple*.  Xrar  Jaiamerk  in  Knrdiatan  a  lai^  Turkisli  mine.  iVcun 
wltb  Ratgar  in  aeams  in  compact  clav  beneath  tara  in  Iron  c<>uniy.  Vtah:  aljk^  AimJt' 
CTyfttalliictl  at  Mctciit.  Amoug  Ihe  depocits  of  Ibe  Slaunboat  Springs,  Tterada;  alsi>  witli 
realgar  io  the  Teiiowt'one  Park. 

The  name  orpiment  is  a  corruption  of  Iti  Latin  name  auri pigment um.  "  pMf*  fmimL~ 
glTeo  in  alltuion  to  the  color,  and  ateo  bccaiue  the  nlManca  wu  mppoaed  lo  contain  gold. 


Stlboile  Groap. 


(1 

h:l 

BtilniU 

Sb.S. 

0-9926 

1  :  l-0i;9 

BimiiitUiiite 

Bi,S, 

0-9679 

1:0-9550 

Oiiuqjiutite 

Bi,S.. 

I 

1  approz. 

The  species  of  the  Stibnite  Group  crystallixe  in  the  orthorhotiibic  arstem 
aod  have  perfect  brachydiagonal  clearage,  yielding  flexible  lunine, 

Tbe  species  orpimenl  is  iu  i>livsicnl  propenies  nmevhal  reliited  tti  stibnite.  but  sectni 
to  be  monociinic  iu  cry^t.illizAtion.  Groih  notes  tbiit  the  oiidc.  As,Oi,  is  mtuiovliiiic  In 
claudetiie.  wliileilie  correspoii ding- compound.  SlHOa(Taletitinlte).  isortliorbomliir:  furlliei 
he  remarks  on  (be  relntiou  in  form  an<t  pbj-sical  characlers  between  orpiment  anil  rlHudt'llle. 

STIBMITB.    AniimoDile,  Aoiininnr  Glance,  Qray  Anilmotiy,  AnllDWDglans  0«m. 
Orthorliombic.     Axes  &:h:i  =  0-9926  ■  1  :  1-0179. 


no  A  110  =  88*34'. 

bt.  010  A  121  =  85-8'. 

Ill  A  111  =  71*211' 

bn.  010  A  353  =  40*  101'. 

113  A  113  =  asr  521' 

*r,  010  A  848  =  48*  W. 

113  A  113  =  35' 36'. 

bp,    010  A  111  =  M*  88'. 

soiatic;  striated  or 

furrowed  yerticallj ;  often  curved  or  twisted 

Common   in   con- 

690. 

691.                    69a. 

f^Z>^ 


Caliromia. 


(of.  p.  148). 

fused  aggregates  or  radiating 
groups  of  aciciilar  crystals;  mas- 
sive, conrse  or  fine  columnar,  less 
often  granular  to  impalpable. 

Cleavage ;  b  li ighly  perfect, 
Sligbtly  sectile.  Fracture  small 
subconchoidal.  II.  =2.  fi.  = 
4-52-4'C2.  Luster  metallic,  bighly 
splendent  on  cleavage  or  fresli 
crystalline  surfaces.  Color  and 
streak  lead-gray,  inclining  to 
steel-sray :  subject  to  blackish 
tarnisli.  sometimes  iridescent, 

Comp.— Antimony   trisnlphide, 
Sb,S,  =  Sulphur  286,   antimony  71-4  =  100.     Sometii 
argentiferous, 

Pyr,,  ale— Fuses  very  eaailv  (at  1),  coIoriiiR  llie  flame  ereeiiisli  blue.  In  the  open  lube 
Bulpbiirous  (SO,)  niid  aullmonial  (cliiefly  Sb,0,)  fumes.  lUe  lulter  condensing  as  a  while 
■ublimalG  wliieb  B,B.  U  non-TolBllle.    On  charcoal  fuMB,  spreads  out.  gives  aulphurous 


ignry.  Japun. 

33   auriferous,  also 
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fumes,  and  coats  the  coal  white  with  oxide  of  antimony;  this  coating  treated  iu  R.  F. 
▼olatilizes  and  tinges  the  tlnme  greenish  blue.  Wlicn  pure  |)erfectly  soluble  iu  hydrochloric 
acid:  in  nitric  acid  decomposed  wiib  separation  of  uutinionv  p.'Utf)zide. 

Diff^— Distinguished  (e.g.,  from  giilenn)  by  cleiivuge,  color,  softness:  also  by  its  fusibil- 
ity and  other  blowpipe  characters.  It  is  harder  than  graphite.  Resembles  sometimes 
certain  of  ihe  rarer  Hulphaniimonites  of  lend,  but  yields  no  lead  coating  on  charcoal. 

Obs. — Occurs  with  quartz  in  beds  or  veins  in  gninite  and  gneiss,  often  nccompanied 
with  various  other  aniimony  minerals  produced  by  its  ulterutiou.  Also  associated  in 
metalliferous  deposits  witn  sphalerite,  galena,  cinnabar,  bariie,  quartz;  sometimes  accom- 
panies native  gold. 

Occurs  at  VVolfsberg.  in  the  Har/.;  Bmunsdorf,  near  Freiberg;  PHbram;  Casparizecbe. 
near  Arnsbfrg,  Westphalia;  Fel86l»dnya.  Hungiiry;  iu  Cornwall,  abundant  Also  abundant 
in  Hornet);  in  Victoria  and  New  South  Wales.  Groups  of  large  splendent  crystals  have 
come  from  the  antimony  min  s  in  the  Province  of  lyo.  island  of  Shikoku.  Japan. 

In   ihe  United  Slates  occurs  as  a  vein  of  some  extent  in  Sevier  county,  Ark.;  in  Cali- 
forni 
region 
county, 

Metastibnite.  An  amorphous  brick-red  deposit  of  antimony  trisulphide,  Sb«St ,  oc- 
currini;  with  cinnabar  and  arsenic  sulphide  upon  siliceous  sinter  at  Steamboat  Springs, 
Washoe  Co.,  Nevada. 


[n  ihe  United  Slates  occurs  as  a  vein  of  some  extent  in  Sevier  county,  Ark.;  in  Cali- 
lia  at  San  Eniigdio.  Kern  county,  and  near  Alta,  Benito  Co.;  in  the  Humboldt  mining 
on  in  Nevada;  in  Iron  county'.  Uiah.  In  New  Brunswick  in  Prince  William,  York 
sty,  20  m.  from  FredericUm;  in  Rawdon  township.  Hants  Co.,  N.  S. 


BISMni'uiHITB.    Bismuth  Qlance.     Wismuthglanz  Germ, 

Orthorhombic.  Rarely  iu  acicular  crystals,  mw"'  =  88°  8'.  Usaallj 
massive,  foliated  or  fibrous. 

Cleavage:  b  perfect.  Somewhat  sectile.  H.  =  2.  G.  =  6'4-6*5.  Luster 
metallic.  Streak  and  color  lead-gray,  inclining  to  tin-white/  with  a  yellowish 
or  iridescent  tarnish.     Opaque. 

Comp.— -Bismuth  trisulphide,  Bi,S,  =  Sulphur  18  8,  bismuth  81-2  =  100. 
Sometimes  contains  a  little  copper  and  iron. 

P3rr.,  etc. — Fusibility  =  1.  In  the  open  tube  s  ilphurous  fumes,  and  a  white  sublimate 
which  B.B.  fuses  into  drops,  brown  while  hot  and  opjique  yellow  on  cooling.  On  ciiar- 
coal  at  first  gives  sulphurous  fumes:  then  fuses  with  spirting,  and  coats  the  coal  with 
yellow  bismuth  oxide;  with  potassium  iodide  a  bright  red  coating  of  bismuth  iodide  is 
obtained.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting 
with  water. 

Obs.— Found  at  Brandy  Gill.  Ciirrook  Fells,  in  Cumberland;  near  Redruth,  etc.  In 
France  at  Meymac,  Corr^ze;  at  JohanMsreorgensladt,  Schneeberg;  at  Wittichen,  Baden;  at 
Riddarhyttan.  Sweden;  near  Sonita.  B  divia. 

In  the  U.  S.,  occurs  with  go'd  in  Rowan  Co.,  N.  C,  at  the  Bamhnrdt  vein;  sparingly 
at  Willimautic,  Conn.;  abundant  iu  Beaver  Co  ,  Utnh. 

Quanajuatite.  Frenzelite:  Selenwismuthfrlanz  Germ,  Bismuth  selenide,  BisScs, 
sometimes  with  a  small  an)ount  of  sulphur  replnoine  .^elfnium.  In  acicular  crystals;  also 
massive,  granular,  f o  iated  or  fibrous  Clcavnije:  6  distinct.  H.  =  2-5-8*5.  'G.  =  6  25- 
6-6i.  Luster  metallic.  Color  bluish  gray.  From  the  Santa  Catarina  mine,  near  Guana- 
juato. Mexico. 


TETRADTMrm.    Tellurwismuth  Germ. 

Rhombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  forms, 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Laminae  flexible;  not  very  sectile.  H.  =  l'5-2; 
soils  paper.     G.  =  7-2-7-6.     Luster  metnllic,  splendent.     Color  pale  steel-grray. 

Comp.,  Tar.— Consists  of  bismnth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium ;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi,(Te,S).. 

Var.— 1.  Free  from  sulphur.    Bi.Te.  =  Tellurium  481  bismuth  51  9.    Q.  =  7642  from 
Dahlouega.    Yar.  2.  Sulphunms.    2BisTes.Bi,Ss  =  Tellurium  86  4,  sulphur  4*6,  bismuth 
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90=  100.    Tbis  is  the  more  commoii  Tvfetj  and  includes  Uie  UtradymiU  of  Huidlnger 
&  crystals  from  Schubkmu. 

F^.— Id  the  open  ia:je  a  while  sublimate  of  tellurium  dioxide,  which  B.B.  fuses  to 
«olorleBs  dropsk  On  charcoal  fuses,  giTcs  white  fumt».  and  entirely  Tolatilizts;  tiuges  tiie 
R.F.  bluish  ^reen;  coais  the  coni  at  Urst  wblie  (TeOi),  and  finallj' orani^-yellow  (BitOt); 
some  Tarietics  giTe  S'.lphurous  and  selvnous  «xiors. 

Ofai^ — Occurs  at  Sihulikau  near  Schemniiz;  RezbAnya:  Orawiiza  in  the  Banat;  Telle- 
mark  in  Xorwav;  Bas>tnaes  mine,  near  Riddnritvilnn.  Swetien.  In  the  U.  S.,  in  Virginia, 
al  the  Whitehall  gohi  mines  Spottsylvania  Co.;  in  Daridsoii  Ca.  N.  C,  and  in  the  gold 
washings  of  Burke  and  MclX>we  i  cixinties,  etc.;  similarly  in  M«>nlana.  At  the  Montgomery 
mino.  Arizona.  Named  from  rerpadvuoy^/QUffiHd^  in  allusion  to  complex  twin  crystals 
aometirocs  obsenre^i. 


.—A  bismuth  telluride  (Te  80  p.  c.  also  S  and  Se).    G.  =  7  9.     San  Jos€.  Brazil* 

A  foliated  bismuth  telluride  (Te  ao  p.  c.)  of  doubtful  formula.     O.  =  8*4. 
Deutach-Pilseu,  Hougary. 

1IOI.TBDENITB.    Molybdinglanz  Cr^rm. 

CrT8tal8  hexagonal  in  form,  tabnlar,  or  short  prisms  slightly  tapering  and 
horizonudlj  striated.  Commonly  foliated,  massive  or  in  scales;  also  fine 
^rmnolar. 

CleaTage:  basal  eminent.  Laminie  very  flexible,  bat  not  elastic.  Sectile. 
fl.  =  1-1*5.  G.  =  4 •7-4-8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
4[ray  trace  on  paper.    Opaque.     Feel  greasy. 

CMipw — Molvbdenum  disulphide,  MoS,  =  Sulphur  400,  molybdenum  60*0 
=  100. 


— In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molyixienum  trioxide  (MoU»).  B.B.  in  th«r  forcei^  infusible,  inipirto  a  yeUowbh-green 
color  to  the  flame;  on  churciml  the  pulveriztHl  mineral  gives  in  O.F.  a  si rong  odor  of  sul- 
phur, and  coats  the  coal  with  i-rystuls  of  molybdic  oxide,  yellow  while  hot,  wTdie  on  cool- 
ing: near  the  assay  the  cotitiujT  is  cop{)erred.  taid  if  the  white  coating  !«  touche<l  with  an 
intermittent  R  F..  it  u.<sunies  a  lietiutiful  azure-blue  color.  Decomposed  by  nitric  acid, 
leavinr;  a  white  or  grayish  resiilue. 

Difll— Much  resembles  gmphiie  in  softness  and  structure  (see  p.  373),  but  has  a  bluer 
trace  on  paper  and  reailily  yields  sulphur  on  ehanxuil. 

Oba.— Generally  occurs  embe<lded  In,  or  disHeudnated  through,  granite,  gneiss,  zircon* 
syenite,  fmnular  finn'sione.  juid  other  «»rystnlline  nnks.  At  Nunioilal.  Swetlen;  Arendal 
and  Laurrik  in  Norway:  AIipuIkmc.  Saxony;  Zliinwahl,  Bi>heiniH;  ne»ir  Miayk,  Urnls; 
Chessy  in  Fmnce;  in  Italy,  at  Traversella;  OnrriKi'k  Fell**,  in  Cuinl>erland:  at  several  of  the 
Cornish  mines. 

In  Maine,  at  Blu<*  Hill  Bjiv;  in  Conn.,  n\  Haddam  in  gneiss;  in  Vfnnont^  nt  Newport; 
In  3'  namp$hire,ui  Westmoreland;  in  X  York  two  ndli^  vouthenst  of  Warw  ck:  in  /*f^i»ii., 
in  C'h«-Rter.  near  Read  ne:  near  C«»ncord.  Oihnrrus  Co..  N.  l\  In  Candida,  at  St,  JeK^me. 
Queber:  in  large  crysinls  in  Renfrew  county.  Ontario;  also  In  Aldtield  township,  Puntiao 
Co.,  Qtiebec. 

Nnmed  from  uoXi'fi^o^,  Uad;  the  name,  first  given  to  some  substan<»ea  contnlning  lead, 
later  included  gniphiie  and  niolybtlenile,  nnd  ev(  n  some  eom|>ounds  of  antimony.  The 
distinction  between  graphite  and  molybdenite  was  established  by  Si-heele  in  177S-79. 

n.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 

the  Metals. 

The  sulphides  of  this  second  section  fall  into  four  divisions  dependinc^ 
upon  the  proportion  of  the  negative  element  present  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 
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A.  Basic  Division. 

I  n 

B.  Monosulphides,  Monotellurides,  etc.,  B,S,  BS,  etc 

1.  Galena  Group.     Isometric,  normal  group. 

2.  Chalcocite  Group.     Orthorhombic. 

3.  Sphalerite  Group.     Isometric-tetrahedral. 

4.  Cinnabar— Wurtzite—Millerite  Group.    Hexagonal  and  rhombohedraL 

C.  Intermediate  Division. 

Embraces  Melonite,  Te,S,;  also  Bornite,  3Cu,S.Fe,S,;  Linnseite,  CoS.Co.S,; 
Chalcopyrite,  Cu,S.Fe,S,;  etc. 

D.  Disulphides,  Diarsenides,  etc.,  BS,,  BAs,»  etc. 

1.  Pyrtte  Group.     Isometric-pyritohedral. 

2.  Marcasite  Group.     Orthorhombic. 


A.  Basic  Division. 


The  basic  division  embraces  several  rare  basic  compounds  of  silver  or  copper 
chiefly  with  antimony  and  arsenic.  Of  these  the  crystallization  of  dyscrasite 
only  is  known. 

DTSCRASITB.    Antimonsilber  Q&rm. 

Orthorhombic.  Axes  a  :  J  :  (5  =  0-5775  :  1 :  0'6718.  Crystals  rare,  pseudo- 
hexagonal  in  angles  {mm'"  =  60°  1')  and  by  twinning.  Also  massive.  Frac- 
ture uneven.  Sectile.  H.  =  3*5-4.  Q.  —  9'44-9*85.  Luster  metallic.  Color 
and  streak  silver-white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or 
blackish.    Opaque. 

Comp. — A  silver  antimonide,  including  Ag,Sb  =  Antimony  27*1,  silver 
72-9  =  100,  and  Ag.Sb  =  Antimony  15-7,  silver  84-3  =  100,  and  perhaps  other 
compounds. 

Analyses  vary  widely,  some  conforming  also  to  Ag«S.  Ag4(3b,As)s,  etc.  By  some 
authors  classed  ^ith  chalcocite. 

Pyr.,  etc. — B.B.  on  charconl  fuses  to  a  globule,  coating  the  coal  with  white  antimony 
trioxide  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving 
antimony  trioxide. 

Obs,— Occurs  near  Wolfach,  Baden;  Wittichen;  Andreasberg  in  the  Harz;  Allemont, 
France.    Named  from  dvaKfjdai?,  a  bad  alloy, 

Honfordite.  A  silver-white,  massive  copper  antimonide,  probably  CugSb  (Sb  24  p.  c). 
G.  =  8*8.    Asia  Minor,  near  Mytilene. 

HuNTiLiTE,  Animikite.  The  ores  from  Silver  Islet,  Lake  Superior,  apparently  contain 
a  silver  arsenide  {huntiliie,  Ags  As?)  and  perhaps  also  a  silver  antimonide  {animikite,  AggSb?), 
the  latter  related  to  or  identical  wiih  dyscrasite. 

Domeykite. — Copper  arsenide.  CusAs.  Reniform  and  botryoidal;  also  massive,  dis- 
seminated. G.  =  7-2-7-75.  Luster  metallic.  Color  tin-white  to  steel-^ray,  readily  tar- 
nished. From  several  Chilian  mines;  also  Zwickau,  Saxony.  In  N.  America,  with  niccolite 
at  Michipicoten  Island.  L.  Superior. 

Algodonite.  Copper  arsenide,  CueA8(A8  165  p.  c);  G.  =  7  62.  Resembles  domeyk- 
ite.    From  Chili;  also  L.  Superior. 

Whitne3rite.  Copper  arsenide.  Cu.As  (As  11*6  p.  c).  G.  =  8-4-8-6.  Color  pale  i-ed- 
dish  white.     From  Houjrhton  Co..  Michigan;  Sonera,  L.  California. 

Ohilenite.    Perhaps  AgeBi.    Copiapo.  Chili. 

St&tzite.    A  rare  silver  telluride  (Ag«Te?).    Probably  from  Nagydg. 
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B.  ■onosulphides,  ■onotellurides,  etc.,  B,S,  BS,  etc. 
1.  Galena  Groap.    Isometric. 


Omlena                            PbS 

Ai|;eiitita 

Also,          (Pb,CD,)S,  (Cu.,Pb)S 

Jalpaite 

Altaite                            PbTe 

HeMite 

Clauitludite                   PbSe 

Afvihurita 

Vavaimiinita             (Ag,,Pb)Se 

Ag.S 

(Ag,Cu),8 

Ag/re 

Ag.Se 


The  following,  known  only  in  massive  form,  probably  also  belong  here : 
Boidianite  Cu.Se  Zorgita  (Pb,Cu„Ag,)Se? 

Lebrbachite  (Pb,Hg.)Se  Crookesita  (Cu,Tl,Ag),Se 

lacairiU  Ca,Se.Ag,Se 

The  Galena  Group  embraces  a  number  of  monosnlphidet,  etc,,  of  the 
related  metals,  silTer,  copper,  lead,  and  mercury.  These  cry«Ullizo  in  the 
normal  group  of  the  isometric  system,  and  sereral  show  perfect  cubic  cloavaga. 
These  characters  are  most  distinctly  exhibited  in  the  tyi>e  species,  galena. 


QAI«BNA,  or  Galevitk.    Lead  gUnce.    Bleiglaoz  Oerm. 
693.  694.  699. 


iP6. 


697. 


Isometric.  Commonly  in  cubes,  or  cu bo-octahedrons,  less  often  octahedraL 
Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi.  o,  both  contact- 
and  penetration-twins  (Figs.  363,  366,  p.  123),  sometimes  repeated;  twin 
crystals  often  tabular  I  o.  Also  other  tw.  planes  giving  polysynthetic  tw. 
lamellae.  Massive  cleavable,  coarse  or  fine  granular,  to  impalpable;  occasion* 
ally  fibrous  or  plumose. 

Cleavage  :  cubic,  highly  perfect;  less  often  octahedral.    Fracture  flat  sub- 
conchoidal   or   even.      II.  =  2-5-2-75.      G.  =  7-4-7-6. 
Luster    metallic.     Color  and  streak  pure    lead-gray. 
Opaque. 

Comp.,  Tar. — Lead  sulphide,  PbS  =  Sulphur  13*4, 
lead  86'6  =  100.  Often  contains  silver,  and  occasionally 
selenium,  zinc,  cadmium,  antimony,  bismuth,  copner,  as 
sulphides ;  besides,  also,  sometimes  native  silver  and  gold. 

Var. — 1.  Ordinary,  (a)  Crystallized;  (b)  somewhat  fibrous 
nud  plumose;  (r)  cleavable,  prnnular  coarse  or  fine;  {d)  crypto- 
crystalline  The  variety  with  octahedral  cleavage  is  rare;  the 
usual  cubic  cleavage  is  obtaineci  readily  after  heating  to  200'  or 
SKK)**:  the  peculiar  cleavage  may  be  connected  with  the  bismuth 
usually  present. 

2.  Ai^eni(ffrout.  All  galena  is  more  or  less  argentiferous,  and  no  external  characters 
serve  to  distinguish  the  kinds  that  are  much  so  from  those  that  are  not.  The  silver  is 
detecte<i  'ny  cupel latiou,  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  iUver  ore. 


p(221),  »i(554) 
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8.  Coutaining  arsenic,  or  antimony,  or  a  compound  of  these  metals,  as  impurity.  Here 
belong  bUuehw^  from  Clausilial  wiih  0*22  8b,  and  iteiumanniie  f r.  m  Pfibmm,  with  both 
arsenic  uud  untiuiouy. 

Pjrr. — lu  the  open  tube  gives  sulphurous  fumes.  B.B.  on  cliarcoal  fuses,  emits  sul- 
phurous fumes,  coats  the  coul  yellow  ue^r  the  usstiy  (PbO)  and  white  with  a  blui>h  border 
at  a  distance  (Pb80s,  ch.etl>).  und  yields  a  Lilobule  of  metiillic  lead.  Decou)|>o8ed  by 
strong  nitric  acid  with  the  s>eparution  of  some  sulphur  and  the  formation  of  leiid  sulphate. 

Diff. — Distinguished,  except  in  very  line  gmuular  varieties,  by  its  cubic  cleavage;  the 
<;olur  and  the  high  spc'citic  gravity  are  characturisiic;  also  the  blowpipe  reactions. 

Obs. — One  of  the  mo^t  widely  distributed  of  the  metallic  sulphides.  Occtirs  in  beds 
and  veins,  both  in  crystalline  nnd  uncrystalline  rocks.  It  is  often  associated  with  pyrite, 
murcasite,  sphalerite,  chalcopynte,  arsenoi  yrite,  i-tc,  inagaogueof  quartz,  calcite,  btidte 
or  tluorite,  etc.;  also  with  cerussite,  anglesite,  and  other  saits  of  leml,  which  are  frequent 
results  of  its  alteration.    It  is  also  common  with  gold,  and  in  veins  of  silver  ores. 

At  Freiberg  in  Saxony  it  occupies  veins  in  gneiss;  in  Spain,  in  granite  at  Linares,  also 
in  Catalonia.  Grenada,  and  elsewhere;  at  Clausthal  and  Neudorf  in  the  Harz.  and  at 
Pribram  In  Bohemia,  it  forms  veins  in  clay  slate;  similarly  in  Slyria;  at  Sala  in  Sweden  in 
veins  in  granular  limestone;  through  the  ^ray  wacke  of  Leadhiils  and  the  killas  ofConiwall, 
in  veins;  filling  (-avities  in  the  Subcarboniferous  limestone  in  Derbyshire  Cumlierlaiid,  and 
4he  northern  district:)  of  England;  also  at  Bleiberg.  Carinthia.  In  the  English  mines  it  la 
associated  with  calcite.  pearl  spar,  fiuorit'j.  bnrite,  wiilierite,  calamine,  and  sphalerite. 
Other  localities  are  Joachinisthal.  Bohemia;  Poullaouen  and  Huelgoet,  Brittany;  Sardinia; 
lierchinsk,  lEAai  Siberia;  Australia;  Chili;  Bolivia,  etc. 

Extensive  deposits  of  this  ore  in  the  United  States  exist  in  Missouri,  Illinois.  Iowa,  and 
Wisconsin.  The  ore  occurs  not  in  veins  but  filling  cavities  or  chambers  in  stratified 
limestone,  of  different  |>eni  ds  of  the  Lower  Silurian,  especially  the  Trenton,  also  in  part 
8ul)C}irboniferous.  It  is  associated  with  sphalerite.  8niith<onite.  calcite.  pyrite.  The 
Hissouri  mines  are  situated  in  the  counties  of  Washington,  Jefferson,  Madison  and  others. 
Good  crystals  are  obtained  at  Joplin.  J}is|)er  Co.  Also  occurs  in  ^eto  York,  at  Rossie, 
St.  Lawrentre  Co..  in  crystals  with  calcite  and  chalcopyrile:  in  Maine,  at  Liib  c.  etc.;  in 
JffiBS.,  at  Southampton.  Newburyport,  etc;  in  Penn.,  at  Phenixvilie  and  elsewhere;  ia 
Virginia,  at  Austin's  mines  in  Wytlie  Co.,  and  other  places;  in  Tenn ,  at  HnvslKtro.  near 
l^aMhville;  in  Mich,,  in  the  Lake  Superior  copper  district  and  on  the  N.  shore  otli  Superior; 
in  California,  at  many  of  the  gold  mines;  in  Nevada,  abundant  in  the  Eureka  dlKtrict;  in 
AHzona,  in  the  Castle  Dome,  Eurekn,  and  other  districts.  In  Colorado,  at  Lendville  there 
are  productive  mines  of  argentiferous  galena,  also  at  Georgetown,  the  San  Juan  district  and 
'elsewhere.  Mined  for  silver  in  the  Cceur  d'Aldne  region  in  Idaho;  also  at  various  points  in 
Montana. 

The  name  galena  is  from  the  Latin  galena  (yaXifyr/),  a  name  given  to  lead  ore  or  the 
dross  from  melted  lead. 

CuPROPLUMBiTE.  A  mossive  minernl.  from  Chili,  varying  in  characters  from  galena  to 
those  of  chalco<'ite  and  covellite;  composition,  CutS.2Pl>S(?).  Alieoniie  is  missive,  deep 
indigo- blue  quickly  tarnishing;  correspondn  to  SCu^SPhS.  From  Mina  Grande,  Chili. 
Whether  these  and  similar  minerals  represent  definite  homogeneous  compounds,  or  only 
ill-defined  altenition-pn>ductA.  is  uncertain,  and  if  so  it  is  not  clear  whether  they  should  be 
classed  with  isometric  galena  or  with  orthorhombic  chalcoeitc. 

Altaite.  Lead  telluride,  AijTe  Rarely  in  cubic  crystals,  usually  massive  with  cubic 
<;leavage.  G.  =  8'16.  Color  tin-white,  with  yellowish  tinge  tnrnisiiiug  to  bronze-yellow. 
From  the  Altiu,  with  hcssite;  Coquimbo,  Chili;  California;  Colorado. 

Clausthalive.     Lead  selenide,  PbSe.     Commonly  in   fine  granular  masses  resembling 

gilena.     Clejivage:  cubic.     G.  =7  6-8*8.     Color  le»id-gray,  somewhat  blui.sh.    From  the 
arz.  at  Clausthal.  etc.;  Cacheuta  mine,  Mendoza.  S  A.   Tilkerodiie  is  a  cobaltiferous  variety. 

Naumannlte.      Silver-lead   telluride  (Ag«.Pb  Se.      In  cubic  crystals ;    also  massive* 

franular,  in  thin  plates.      Cleavage:    cubic.    G.  =  8*0.      Color  and  streak  iron-black. 
'n)m  Tilkerode  in  the  Harz. 

ARQBNTITB.     Silver  Glance.     Silberglanz  Oerm, 

Isometric.  Crystals  often  octahedral,  also  a,  o;  often  distorted,  frequently 
grouped  in  reticulated  or  arborescent  forms;  also  filiform.  Massive;  em- 
l>edded;  as  a  coating. 

Cleavage :  a,  d  in  traces.    Fracture  small  subconchoidal.    Perfectly  sectile. 
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H.  =  2-2-5.     G.  =  7-20-7-36.      Luster  metallic.     Color  and  streak  blackish 
lead -gray;  streak  shining.     Opaque. 

Comp.— Silver  sulphide,  Ag,S  =  Sulphur  12-9,  silver  87-1  =  100. 


I.,  etc. — In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  on  charcoal  fuses  with 
intumescence  in  O.  F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  silver. 

]>ifr.— Distinguished  from  uiher  sulphides  by  being  readihy  cut  with  a  linife;  also  by 
yielding  metallic  silver  on  charcoal. 

Ofas.— Found  at  Freiberg.  Joachimsthal,  etc.;  Schemnitz,  Hungary;  in  Norway  near 
Konirsberg;  in  the  Altai;  in  Cornwall;  Peru;  Chili;  Mexico  tit  Guanajuato,  etc. 

Occurs  in  Nevada,  at  the  Couistock  lode;  at  the  Silver  King  mine,  Arizona;  at  mines 
near  Port  Arthur  on  north  shore  of  Lake  Superior;  with  native  silver  and  copper  in 
northern  Michigan. 

Jalpaitk  is  a  cupriferous  argentite  from  Jalpu,  Mexico. 

Heisite.  Silver  telluridc,  AgsTe.  Isometric.  Usually  massive,  compact  or  fine* 
grained.  Cleavage  indistinct.  .  Somewhat  sectile.  H.  =  2  5-8.  G.  =  8'81-8'45.  Color 
between  leud-^ray  and  steel-gray.  From  the  Altai;  atNa.L'y^in  Transylvania;  Rezlanya, 
Hungtiry:  Chili,  near  Arqueros,  Coquimbo.  In  the  U.  ^..  Calaveras  Co.,  Cal.;  Boulder 
Co.,  Colorado;  Utah.  This  species  also  of«en  contains  gold  and  thus  graduates  toward 
petzite. 

P«tsite.  (Ag,Au)aTe  with  Ag :  Au  =  8:  1.  Massive;  ^nular  to  compact.  Slightly 
«ectil  to  brittle.  H.  =  2*5-8.  G.  =  8'7-9*02.  Color  steel-gray  to  iroublack;  tarnishing. 
Prom  Nagy&g,  Transylvania;  Colorado;  California. 

AgnUaiite.  Silver  selenide,  Ag«S  and  Ag«(S  Se).  In  skeleton  dodecahedral  crystals. 
Sectile.    O.  =  7*586.    Color  ironbluck.     From  Guanajuato,  Mexico. 

Berselianite.  Copper  selenide.  CusSe.  lu  thin  dendritic  crusts  and  disseminated. 
€^.  s6*71.    Color  silver-white  tarnishing.    From  Skrikerum,  Sweden;  Lehrbach,  in  the 


I«ehrbachite.  Selenide  of  lead  and  mercury.  PbSe  with  HgSe.  Massive,  granular. 
O.  =  7  8.    Color  lead  gray  to  iron-black.    From  Lehrbach.  in  the  Harz. 

Bncairite  Cu,Se.Ag«Se.  Massive,  granular.  G.  =:  7  50.  Color  between  silver-white 
and  lead-gray.    From  the  Skrikerum  cop|)er  mine,  Sweden;  also  Chili. 

Zorgite.  Selenide  of  lead  and  copper  in  varying  amounts.  Massive,  granular. 
G.  =  7-7*5.     Color  dark  or  light  Icad-gmy.     From  the  Harz;  Cacheuta,  Argentina. 

Orookesite.  Selenide  of  copper  and  thallium,  also  silver  (1-5  p.  c).  (Cu,Tl,Ag)tSe. 
Massive,  compact.  G.  =  6*9.  Luster  metallic.  Color  lead  gray.  From  the  mine  of 
Skrikenim.  Sweden. 

Umangite.  CuSe  CusSe.  Masf^ive,  fine-granular  to  compact.  H.  =8.  G.  =  5*890. 
Color  dark  cherry-red.    From  Lti  liioja.  Argentina. 

2.  Chalcocite  Group. 


&:l:i 

Chalcooite 

Cd,S 

0-5822  : 1  : 0-9701 

Stromeyerite 

Ag,S.Cu.S 

0-5822  :  1  :  0-9668 

Sternbergite 

Ag,S.Fe,S. 

0-5832  :  1  :  0-8391 

Frieseite 

0-5970  : 1  :  0-7352 

Acanthite 

A2:,S 

0-6886  : 1  :  09944 

The  species  of  the  Chalcocite  Group  crystallize  in  the  orthorhombio 
system  with  a  prismatic  angle  approximating  to  60°;  they  are  hence  pseudo- 
hexaponal  in  form  especially  when  twinned.  The  group  is  parallel  to  the 
Galena  Group,  since  Cu,  appears  in  isometric  form  in  ciipropliimbite  and  Ag,S 
also  in  argentite.     Some  authors  inclnde  dyscrasite  here  (see  p.  286). 
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OHAIiCOCITB.    Copper  Glnnce.     Redrutbite.    Kiipferglauz  Oerm, 
Orthorhombic.    Axes  d\l',t  =  0-5822  : 1  :  0-9701. 


mm'\  110  A  110=  ftO'' 25'. 
dd\  021  A  021  =  riS**  28'. 


cp,  001  A  111  =  62*  85i'. 
pj/'\  111  A  111  =  58"  8i'. 


698. 


699. 


Crystals  pseudo-hexagonal  in  angle,  also  by  twinning  (tw.  pi.  m).     Often 
massive,  structure  granular  to  compact  and  impalpable. 

Cleavage  :  m  indistinct.  Fracture  conchoidal. 
Bather  sectile  H.  =  -2-5-3.  G,  =  5'5-5-8.  Luster 
metallic.  Color  and  streak  blackish  lead-gray,  often 
tarnished  blue  or  green,  dull.     Opaque. 

Comp.— Cuprous  sulphide,  Cu,S  =  Sulphur  20*2, 
copper  79-8  =  100.  Sometimes  iron  in  small  amount 
is  present,  also  silver. 

Pyr,  etc. — In  the  open  lube  gives  sulphurous  fumes.  B.B. 
on  charcoal  melts  to  a  globule,  which  boils  with  spirting;  the 
fine  powder  roasted  at  a  low  tempernture  on  charcoal,  then 
heated  in  R.F.,  yields  a  globule  of  metallic  copper.  Soluble 
in  nitric  acid. 

Diff. — Resembles  argenite  but  much  more  brittle;  bornite 
has  a  different  color  on  the  fresh  fracture  and  becomes  mag- 
netic B.B. 

Obs.— Cornwall  affords  splendid  crystals,  especially  the 

districts  of  Saint  Just,  Camborne,  and  Redruth  (redruthite). 

Occurs  at  Joachimsthal,  Bohemia ;   Tellcninrken,   Norway ; 

compact  and  massive  varieties  in  Siberia;  Saxony;  Mt.  Catfni 

mines  in  Tuscany;  Mexico;  S.  America. 

In  the  U.  S.,  Bristol,  Conn.,  has  afforded  large  and  brilliant  crystals;  also  found  at 

Simsbury  and  Cheshire;  at  Schuyler's  mines,  N.  J. ;   in  Nevada,  in  Washoe.  Humboldt, 

Churchill  and  Nye  counties:  in  Montana,  massive  at  Butte  City.    Found  in  Canada,  with 

chalcopyrite  and  bornite  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quebec. 

Stromeyerite.  (Ag.Cu)aS,  or  AgaS.Cu«S.  Rarely  in  orthorhombic  crystals,  often 
twinned.  Commonly  massive,  compact.  H.  =  2*5-3.  G.  =  615-6-3.  Luster  metallic. 
Color  and  streak  dark  steel-gray.  From  the  Zmeinogorsk  mine,  Siberia;  Silesia;  also  Chili; 
Zacatecas,  Mexico;  the  Heintzelman  mine  in  Arizona;  Colorado. 


8TERNBERGITB. 

Orthorhombic.  Crystals  tabular  |  c.  Commonly  in  fan-like  aggregations; 
twins,  tw.  pi.  m.  Cleavage  :  c,  highly  perfect.  Thin  laminae  flexible,  like 
tin-foil.  H.  =  1-1-5.  G.  =  4*215.  Luster  metallic.  Color  pinchbeck-brown. 
Streak  black.     Opaque. 

Comp.    AgFe,S,  or  Ag,S.re,S.  =  Sulphur  30*4,  silver  34-2,  iron  35-4  =  100. 

Obs.— Occurs  with  pyrargyrite  and  stephanite  at  Joachimsthal,  Bohemia,  and  Johann- 
georgenstadt.  Saxony. 

Frieseitk.  Near  stern bergite.  In  thick  tabular  crystals;  H.  =  2*5;  G.  =  4-28.  Colcr 
dark  gray.     Composition  AgiFcaSi.     Occurs  with  marcasite  at  Joachimstlial. 

Acanthite.  Silver  sulphide,  Ag,S,  like  argentile.  In  slender  prismatic  crystals 
(orthorhombic).  Sectile.  G.  =  7*2-7  3.  Color  iron-black.  Occui-s  at  Joachimsthal;  also 
at  Freiberg,  Saxony,  and  at  Schneeberg. 

It  has  been  suggested  that  acanthite  may  be  only  argentite  in  distorted  isometric  crystals. 
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that  of  the  r\ri*tophite  of  Breithaupi.  a  hiilimnt  Maok  iipha\  vtto  hom  r*i    i  ini-iophr  mlitt 
at  Brex'eDbninn.  having  G.  =  a-91-aWS. 

3.  ("'idmiferoH$ ;   PiibramiU,  Pt-tihriimttr.     Tho  amo^nl  of  «'M«liMlinn  |u»-H«hi    hi  hhi* 
8pha!erite  thus  far  analyzed  is  lets  than  !i  |H*r  ooiit. 
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Pyr,  etc.— Difficultly  fusible.  lu  the  open  tube  sulpburous  fumes,  and  generally  changes 
colur.  B.B.  on  cbarcoal,  iu  K.F.,  some  varieties  give  at  first  a  reddisb-browu  coatiug  of 
cadmium  oxide,  and  later  a  coating  of  zinc  oxide,  wbicb  is  yellow  while  hot  aud  v^hile 
after  cooling.  With  cobalt  solution  the  zinc  coating  gives  a  green  color  when  heated  in. 
O.F.  Most  varieties,  after  roustiog,  give  with  borax  ii  reactiou  for  iron.  With  scxia  on 
charcoal  in  K.F.  a  stioug  green  zinc  name.  Dissolves  in  hydrochloric  acid  with  evoluiioA 
of  hydrogen  sulphide. 

Di£L — Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster  la 
all  but  deep  bluck  varieties;  usually  exhibits  distinct  cleavage;  much  softer  than  garnet; 
nearly  iu fusible  B.B. ;  yields  a  ziuc  coatiug  on  charcoal. 

Obs. — Occurs  very  commonly  in  both  crystalline  and  sedimentary  rocks,  and  as  a 
frequent  associate  of  galena;  also  associated  with  chalcopyrite,  liarite.  fluorite.  sidiriter 
common  iu  silver  miues.  It  often  forms  beds  of  considerable  maguitude  filling  cavities  in. 
limestone. 

Some  of  the  chief  localities  for  crystallized  sphalerite  are:  Alston  Moor  in  Cumberland, 
black  variety;  Derbyshire,  St.  Agues  and  elsewhere  in  Cornwall;  Oberlahnstein  in  Nassau, 
Ems,  red;  Andreasberp,  yellow  aud  brown;  Neudorf  iu  the  Harz,  Freiberg,  Breitenbruun, 
and  other  localities  iu  Saxony,  black  and  brown;  Pribram,  green  or  yellow,  and  Schlackt  n- 
wald  in  Bohemia,  black;  Eapuik,  Hungary,  green  or  yellow;  Nugyag,  Transylvania,  brown; 
Rodna,  black;  tlie  Binnenlhal  iu  Switzerland,  isolated  crystals  of  great  beauty,  yellow  to 
brown,  in  cavities  of  dolomite;  Sula  in  Sweden;  Nordmark,  black,  brown,  also  snow-white. 
A  beautiful  transparent  variety  yielding  hir^e  cleavage  masses  is  brought  from  Picos  de 
Europa,  Sautander,  Spain,  where  it  occurs  in  a  brown  limestone.  Fibrous  varieties  (see 
wurtzite)  are  obtained  at  Pribram;  Geroldseck  in  Baden;  Rtdbel;  also  in  Cornwall.  The 
original  marmatiie  is  from  Marmato  near  Popa^au,  Italy. 

Abounds  with  the  lead  ore  of  Missouri,  Wiscousin,  Towa,  nnd  Illinois.     In  N,  York, 
SuUivau  Co.,  near  Wurtzboro';  in  St.  Lawrence  Co.,  at  Mineral  Point  with  galena;  at  the 
Aucram  lead  mine  in  Columbia  Co.;  in  limestone  at  Lockport.    In  Mass.,  at  the  Southamp- 
ton lead  mines.    In  N,  Hamp.,  at  the  Eaton  lead  mine;  at  Warren.    In  Maine,  at  the  Lubec 
lead   mines,   etc.     In   Conn.,  at  Roxbury.     In  iV.  JerMtp,  a  white  variety  (eUiophane)  at 
Franklin  Furnace.     In  Penn.,  at  the  Whcatley  aud  Perkiomen  lead  mines,  in  crystals;  near 
Friedensville,  Lehigh   Co.,  a  white  waxy  var.     In   Virgi  ia,  abundant   at  Austin's  lead 
mines,  Wythe  Co.     In  Michigan,  at  Prince  vein.  Lake  Superior,  abundant.     In  JUinais, 
inear  Rosiclare,  with  galena  and  calcile;  nt  Marsden's  diggings,  mar  Galena,  in  stalactites, 
with   cryst.  marrasite,  and  galena.     In  Wineonsin,  at  Mineral  Point,  in  fine  crystals.    Idt 
Tennessee,  at  Haysboro',  near  Nashville.     In  Missouri,  in  beautiful  crystallizations  witb 
galena,  marcasite  and  calcite  at  Joplin  and  other  points  in  the  southwestern  part  of  tlie  state; 
the  deposits  here  occur  in  limestone  and  are  of  great  extent  and  value;  also  in  adjoining 
parts  of  Kansas. 

Named  Hende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  ioi 
German  meaning  blind  or  deeeimng.     Sp^ialerite  is  from  aipaXefjoS,  treacherous, 

MeUcinnabarite.  Mercuric  sulphide,  HgS.  In  composition  like  cinnabar,  but  occurB^ 
In  black  tetmhedral  crystals;  also  massive.  G.  =  7-8.  From  the  Reddlnglon  mine.  Lake 
county.  California,  with  cinnabar,  quartz  and  marcasite;  aUo  elsewhere  sparingly. 

Gnadalcazarite.  Near  metacinnabarite.  but  contains  zinc  (up  to  4  p.  c).  Guadalcazar, 
Mexico. 

Tiemannite.    Selenquecksilber.   Mercuric  selenide,  HgSe.   Isometric-tetrahedral.   Com- 
monly  mas-Mve;  compact.     G.  =  819  Utah;  8-3(V-8-47  Clausthal.     Luster  metallic.     Color 
s'eel-jrray  to  blackish  lead-gray.     Streak  nearly  black.     Occurs  in  the  Harz;  California,  in 
the  vicinity  of  Clear  lake:  Marysvale,  Piute  Co.,  Utah. 

Onofrite.    Hg(S.Se)  with  Se  =  4*5  to  6*5  p.  c.     San  Onofre,  Mexico;  Marysvale.  Utah. 

Ooloradoite.    Mercuric  telhiride,  HgTc.  Massive.  G.  =  8  6.  Color  iron-black.  Colorado. 

Alabandite.  Manganblende.  Manganglanz  Oerm.  Manganese  sulphide.  MnS. 
Iiiometric-tJtrahedral:  URuallv  fjranular  massive.  Cleavage:  cubic,  perfect.  G.  =  8*95- 
4  04.  Luster  submi^tallic.  Color  iron-black.  Streak  green.  Occurs  at  Nasy^g,  Tran- 
sylvnnia:  Kannik.  Hunpiry;  Mexico;  Peru;  crystallized  and  massive  on  Snake  River,  Sum- 
mit county,  Colorado;  TombRtoiie,  Arizona. 

Oldhamite.  Calcium  sulphide,  CaS.  In  pale  brown  spherules  with  cubic  cleavage  in. 
the  Busti  meteorite. 


SULPHIDES,   SELBKIDES^  TELLUBIDE8,  ARSENIDES,  ANTIMONIDES.        29^ 

PENTLANDmS.    Eisennickelkies  Oerm. 

Isometric.  Massive,  granular.  Cleavage:  octahedral.  Fractare  uneven^ 
Brittle.  H.  =  3-5-4.  G.  =  4*60.  Luster  metallic.  Color  light  bronze-yellow. 
Streak  light  bronze-brown.     Opaque.     Not  magnetic. 

Comp. — A  sulphide  of  iron  and  nickel,  (Fe,Ni)S.  In  part^  2FeS.NiS  =  Sul- 
phur 36-0,  iron  42*0,  nickel  22*0  =  100. 

Obs. — Occurs  with  cbalcopyrite  near  LillehHmmcr,  Norway.  The  mineral  from  Sudbury, 
Ontario,  is  mini  d  cXienMivfly  for  nickel;  il  shows  dlstincl  ocUihedral  cleavage  (or  parting). 
The  same  loci.liiy  also  aHords  nickel iferuu3  pyrile  and  pyrrhotite. 

Troilite.  Ferrous  sulphide,  FoS,  occurring  in  uo<iular  mnssea  and  in  thin  veins  in  many 
iron  nieieoriies.  6.  =  4'7.'>-4  82.  Color  tombac-brown.  By  some  authors  regarded  aa 
identical  with  pyirholite  (p.  29(5). 

4.  Cinnabar-Wiirtzite-Millerite  Group.   Bhombohedral  or  Hexagonal* 


Cinnabar 
Covellite 

Oreenockite 
Wurtzite 

Millerite 
Hiccolite 

Breithauptite 

Arite 

Pyrrhotite 


HgS     Rhombohedral-Trapezohedral     1*1453 
CuS  11466 


CdS 
ZnS 


Hezagonal-Hemimorphic 


u 


NiS 

NiAs 

NiSb 
Ni(Sb,A8) 

Fe,,S„,  etc.       Hexagonal 


Rhombohedral 

it 


i 

0-8109 
0-8175 


0-8194 
0-8586 

0-8701 


or    0-9364 
0-9440 

0-9883 
0-9462 
0-991a 

1-0047 


This  fourth  group  among  the  monosulphides  includes  several  subdivisions,, 
shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  all 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc, 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  by  Qroih,  the  prominent  pymmids  of  wurtzite.  greenockite.  etc.,  be 
made  pymmids  of  the  second  series  (0.^7. ,  x  =  1122.  instead  of  1011).  then  the  values  of  h 
in  the  second  co  umu  are  ohiained,  which  correspond  to  millerite.  The  form  of  several  of 
these  8|)ecieM  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greenockite 
lias  been  suggested. 


OINNABilR.    Zinnober,  Bchwefelquecksilber  Oerm, 
Bhomboliedral-trapezohedral.    Axis  6  =  1*1453. 

lY.  1011  A  ion  =  87'  23'.  ^^• 

M".  4045  A  i045  =  78'  0^'. 
cr,  0001  A  lOil  =  52"  54'. 


604. 


m 


m 


Crystals  usually  rhombohedral  or  thick 
tabular  in  habit,  rarely  showing  trapezo- 
bedral  faces;  also  acicular  prismatia 
In  crystalline  incrustations,  granular, 
massive;  so...et]me8  as  an  earthy  coating. 

Cleavasre:   m  perfect.     Fracture  sub-  ^(10J4,,  ,K20Sl,,  ^  (0^1) 
oonchoidal,  uneven.     Somewhat    sectile. 
H.  =  2-2  5.     G.  =  8-0-8-2.    Luster  adamantine,  inclining  to  metallic  when 
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dark-colored,  and  to  dull  in  friable  varieties.  Color  cochiueal-red,  often 
inclining  to  brownish  red  and  lead-gray.  Streak  scarlet.  Transparent  to 
opaque.     Optically  +.     Indices:  a?,  =  2*854,  e,  =  3'201,  Dx.     See  Art.  866. 

Var.— 1.  Ordinary :  either  (a)  crystallized;  {fi)  nuMsive,  granular  embedded  or  compact; 
bright  red  to  reddish  browu  in  color;  (c)  earOiy  and  bright  red.  2.  Hepatic,  Of  a  liver- 
brown  color.  vi'Mh  sometimes  a  brownish  strenk,  occasionally  slaty  in  structure,  though 
commonly  gmnulur  or  compact. 

Comp. — Mercuric   sulphide,   HgS  =  Sulphur    138,  mercury  86*2  =  100. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

P3nE'.— In  tlie  dosed  tul)e  alone  n  black  sublimate  of  mercuric  sulphide,  but  with  sodium 
cnrboiiiite  oue  of  meiallic  mercury.  Carefully  heated  in  the  open  tube  gives  sulphurous 
fumes  iuid  metallic  mercury,  which  condenses  m  minute  globules  on  the  cold  walls  of  the 
tube.     B.B.  on  charcoal  wholly  volatile,  but  only  when  quite  free  from  gangue. 

Diff.— Characterized  by  its  color  and  vermilion  streak,  high  specific  gravity  (reduced, 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  («.^.,  in 
the  closed  tube).     Resembles  some  varieties  of  hematite  and  cuprite. 

Obs. — Occurs  chiefly  in  veins  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  Sometimes  occura  in  connection  with  hot 
springs  as  the  result  of  solfataric  action.  Pyrite  and  marcasite,  sulphides  of  copper,  stib- 
nite,  realgar,  §old,  etc.,  are  associated  minerals;  calcite,  quartz  or  opal,  also  barite,  fluorite, 
are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  are  at  Almaden  in  Spain,  and  nt  Idria  in  Car- 
niola.  where  it  is  usually  massive;  also  at  Bakmut  in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  near 
Belgrade,  Servia;  at  Ripa  in  Tuscany;  in  the  Urals:  the  Nerchinsk -region  in  Transbaikal; 
in  China;  Japan;  Mexico;  Huancavelica,  Peru;  Chili. 

In  the  U.  S.  forma  extensive  mines  in  California,  the  most  important  at  New  Almadea 
and  the  vicinity,  in  Santa  Clara  Co.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  by 
solfataric  action  at  Sulphur  Bank,  Cal.,  and  Steamboat  Springs,  Nevada;  also  occurs  in 
southern  Utah. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  it  is  applied  to  the  red  resin, 
dragon's  blood.  The  native  cinnabar  of  Theophrastus  is  true  cinnabar;  he  speaks  of  its 
affording  quicksilver.  The  Latin  name  of  cinnabar,  minium,  is  now  given  to  red  lead,  a 
substance  which  was  early  used  for  adulterating  cinnabar,  and  so  got  at  last  the  name. 

Oovellite.  Kupferindig  (?«rw.  Cupric  sulphide,  CuS.  Rarely  in  hexagonal  crystals.' 
Commonly  massive  or  spheroidal.  G.  =  4*59.  Color  indigo-blue  or  darker.  From  Baden- 
Tveiler,  Baden;  Mansfeld,  Thuringia;  Vesuvius,  on  lava;  Chili,  etc. 

GRSENOOKITB. 

Hexagonal-hemimorphic.  Rarely  jn  hemimorphic  crystals;  also  as  a. 
coating. 

Cleavage:  a  distinct, c  imperfect.   Fracture  conchoid al.   Brittle.  H.= 3-3*5. 
506.  G-  =  4'9-5*0.     Luster  adamantine  to  resinous.     Color 

honey-,  citron-,  or  orange-yellow.  Streak-powder  be- 
tween orange-yellow  and  brick-red.  Nearly  transparent. 
Optically  -f-. 

Comp.— Cadmium    sulphide,  CdS  =  Sulphur  22*3, 
cadmium  77*7  =  100. 


Pjrr. ,  etc.— In  the  closed  tube  assumes  a  carmine-red  color 
while  hot,  fading  to  the  original  yellow  on  cooling.  In  the  open 
tube  gives  sulphurous  fumes.  B.B.  on  charcoal,  either  alone  or 
with  soda,  gives  in  R.F.  a  reddish-brown  coating.  Soluble  in 
hydrochloric  acid,  affording  hydrogen  sulphide. 

Obi.— Occurs  with  prehnlte    at   Bishoplon,    Renfrewshire, 
and  elsewhere  in  Scotland.    At  I^ibram  in  Bohemia,  as  a  coating  on  sphalerite;  similarly 
at  other  points;  so  too  in  the  U.  S.  near  Friedensville,  Pa.,  and  in  the  zinc  region  of  south- 
western  Missouri;  in  Marion  Co.,  Ark.,  it  colors  smithsonite  bright  yellow.     Not  un- 
common as  a  furnace  product. 
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Wnrtzite.  Ziuc  sulphide,  ZuS,  like  splialerite,  but  iu  liemiraorphic  hexagonal  Crystals; 
also  fibrous  aud  massive.  G.  =  «i  98.  Color  browuish  black.  From  u  silver-oiine  near 
Oruro  in  Bolivia;  Portugal;  Peru.  Iu  crystals  with  sphalerite  and  quartz  at  tne  **OiigiDal 
Butte"  mine.  Butte  City,  Montaua. 

The  uuissive  fibrous  forms  of  "  Schalenblende  "  occur  at  Pribram,  Liskeard,  etc.  Other 
forms,  from  Slot  berg,  Wiesloch,  Alteuberg,  are  in  part  wurtzile,  iu  part  sphalerite. 

Ertthkozincite  is  (Zu,Mu)S.    From  Siberia. 

MILIiERITi:.    Capillary  Pyrites.    Haarkies  Qerm, 

Rhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  interwoven  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings^  partly  semi-globular  and  radiated. 

Fracture  uneven.  Brittle;  capillary  crystals  elastic.  H.  =  3-3'5. 
G.  =  5*3--5*65.  Luster  metallic.  Color  brass-yellow,  inclining  to  bronze- 
yellow,  with  often  a  gray  iridescent  tarnish.     Streak  greenish  black. 

Comp.— Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  64*7  =  100. 

P3nE'.,  etc.— Id  the  open  tube  sulphurous  fumes.  B.B.  od  charcoal  fuses  to  a  globule. 
When  roasted,  gives  with  borax  ana  salt  of  jphosphonis  a  violet  bead  iu  O.F.,  becoming 
gray  in  K.F.  from  reduced  metallic  nickel.  Ou  charcoal  in  R.F.  the  roasted  mineral  gives 
a  coherent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
copper,  cobalt,  and  iron  with  the  fluxes. 

Obs.— Occurs  commonly  in  capillary  crystals,  in  the  cavities  and  among  crystals  of  other 
minerals.  Found  at  Joachimsthal  in  Bohemia;  Johaungeorgeustadt;  Pribram;  Riechels- 
dorf;  Audrea^berg:  Freiberg.  Saxony;  Cornwall. 

In  the  U.  8.,  at  Antwerp.  N.  Y.,  in  cavities  in  hematite;  in  Lancaster  Co.,  Pa.,  at  the 
Gap  mine,  in  thin  velvety  coatings  of  a  radiated  fibrous  structure.  With  calcite.  dolomite 
and  fluorite,  forming  delicate  tangled  hair-like  tufts,  in  geodes  in  limestone,  often  pene- 
trating the  calcite  crystals,  at  St.  Louis,  Mo. ;  similarly  near  Milwaukee,  Wis.  At  Orford, 
Quebec. 

•  Betrichite.    NiS  like  millerite  with  also  Co,Fe.    From  Westerwald.    The  relation 
of  the  two  species  is  doubtful. 

Haucuecornite.  Perhaps  Ni(Bi,Sb,S).  In  tabular  tetragonal  crystals.  H.  =  5. 
G.  =  6*4.     Color  light  bronze-yellow.     From  Hamm  a.  d.  Sieg. 

NIOOOUTB.    Copper  Nickel.     Kupfernickel.    Rothnickelkies  Qerm, 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impalpable; 
also  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven.  Brittle. 
H.  =  5-5*5.  G.  =  T^S-T'GT.  Luster  metallic.  Color  pale  copper-red. 
Streak  ])ale  brownish  black.     Opaque. 

Comp. — Nickel  arsenide,  NiAs  =  Arsenic  56*1,  nickel  43*9  =  100.  Usually 
contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the  arsenic 
is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite.  The 
intermediate  varieties  have  been  called  arite. 

Pyr. ,  etc.— In  the  closed  lube  a  fniut  white  crystalline  sublimate  of  arsenic  trioxide. 
In  the  open  tube  n  sublimate  of  arsenic  trioxide,  with  a  trace  of  sulphurous  fumes,  the 
assay  becoming  yelh)\vish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  n  globule, 
which,  treated  with  borax  glass,  affords,  by  successive  oxidation,  reactions  for  iron,  cobalt, 
and  nickel;  the  antinioninl  varieties  give  also  reactions  for  antimony.  Soluble  iu  aqua 
regia. 

Obs. — Atcompanies  cobult.  silver,  and  copper  ores  in  the  Saxon  mines  of  Annaberg, 
Schneebcru:.  etc.;  also  in  Tburingiu.  Hesse,  and  Styria;  at  Alleraont,  Dauphine;  at  the  Ko 
mines  in  Norjlmark,  Sweden:  at  Balen  in  the  Bas.ses  Pyrenees  {arite)\  occasionally  in 
Cornwall  ;  Chili  ;  abundant  at  Mina  de  la  Uioja,  Oriocha,  Argentina.  In  the  U.  S.,  at 
Chatham,  Conn.,  in  gneiss;  sparingly  at  Franklin  Furnacfe,  N.  J.;  Silver  Clifl,  Colorado, 
Till  Cove,  Newfoundland. 
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Breithanptite.  Antimonnickel  Qerm.  Nickel  antimonide,  NiSb.  Rarely  in  hexago- 
nal crystails;  usuully  massive,  arborescent,  disseminated.  G.  =  7*54.  Color  light  copper- 
red.    From  Audreasberg  in  the  Harz. 

PTRRHOTTTB.     Magnetic  Pyrites.     Magnetkies  Qerm, 
606.  Hexagonal.    6  =  0  8701. 

«.  OOOlAlOil  =45'    8*. 

eu,  0001 A  4041  =76'    0*. 

cy.  0001  A(200-2d-8)  -  81'  SOJ'. 

Twins:  tw.  pi.  s,  with  vertical  axes  nearly  at  right 
angles  (Fig.  382,  p.  125).  Distinct  crystals  rare,  commonly  tabular;  also 
acute  pyramidal  with  faces  striated  horizontally.  Usually  massive,  with  gran- 
ular structure. 

Parting:  c^  sometimes  distinct.  Fracture  uneven  to  subconchoidaL 
Brittle.  H.  =  3-5-4-5.  G.  =  4-58-4-64.  Luster  metallic.  Color  between 
bronze  yellow  and  copper-red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  possess- 
ing polarity. 

Comp. — A  sulphide  of  iron,  often  containing  also  nickel;  formula  chiefly 
Fe,,S„;  analyses,  however,  vary  from  Fe^S,  up  to  Fe„S,„  while  conforming 
to  the  general  formula  Fe„S„+,.  Percentage  composition  Fe„Sj,  =  Sulphur 
38-4,  iron  61-6  =  100;  Fe,S,  =  Sulphur  39-6,  iron  604  =  100;  Fe.S,  =  Sul- 
phur 39-2,  iron  =  60*8  =  100. 

Pyr.,  etc. — Unchanged  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumes. 
On  charcoal  in  R  F.  fuses  to  a  black  magnetic  mass;  in  O.F.  is  converted  into  red  oxide^ 
which  with  fluxes  gives  only  an  iron  reaction  when  pure,  but  many  yarieties  yield  small 
amounts  of  nickel  and  cobali.  Decomposed  by  hydrochloric  acid,  with  evolution  of 
Hydrogen  sulphide. 

Diff.— Distinguished  by  its  peculiar  reddish  bronze  color;  nlfK)  by  its  magnetic  pntpertfes. 

Obs. — Occurs  at  Kongs))erg,  Modum.  etc.,  in  Norway;  Fahm,  Sweilen;  Andreasberff; 
Bodenniiiis:  Breiteiibrunn;  Joachimsthnl.  Bohemia:  Nizhni  Tagilsk;  Minas  Geraes  in  Brazil, 
in  large  tabular  crystals;  the  Invas  of  Vesuvius;  Cornwall. 

In  N.'Amerioi  in  Maine,  at  Standish  with  andalusite:  in  Vermont,  at  Stafford,  etc.  In 
jr.  York,  near  Diana.  Lewis  Co.;  Oninge  Co.  In  Pennsylvania,  at  the  Gap  mine,  Lnncaster 
Co..  nickeliferous  In  Tennesi^'e,  at  Ducktown  mines,  abundant.  In  Canuda,  in  larii^  veins 
at  St.  J6rdmH,  E]izal)ethtown,  Ontario;  at  Sudbury,  etc.  This  species  is  often  mined  for 
)he  nickel  it  contains. 

Pyrrhotite  is  often  present  in  disseminated  particles  or  crystals  in  meteoric  stones;  tho^ 
iron  sulphide  of  meteoric  irons  is  generally  referred  to  troilite  (p.  293). 

Named  from  nvppoTTfi,  reddish, 

C.  Intermediate  Division. 

Horbaohite.  An  iron-nickel  sulphide,  perhaps  4F<»,8t.Ni,8,.  Crystalline,  massive. 
Color  pinchbeck-brown  to  steel-gray.     G.  =  4*48      From  llorb;icli  in  this  Black  Forest. 

Polydymite.  A  nickel  su'phide,  perhaps  Ni4Sft.  In  octnhedml  crystals;  frequently 
twinncKl.     G.  =4  54-4'81.     Color  gray.     From  Grl^nau,  Westphnlia. 

A  nickel  ore  from  Sudbury.  Ontjivio.  corresponds  to  NisFeS*.  conforming  to  the  general 
formula  of  polydymite;  anotlier  Sudbury  ore  agrees  with  pentlandite  (p.  293),  and  still 
another  is  a  nickeliferous  pyrrhotite. 

Oriinauite.     Contains  Sulphur,   bismuth,   nickel,  iron ;    perhaps  a  mixture.      From 

GrQnau. 

Sychnodymite.  Essentially  (Co,Cu)«S».  Isometric,  in  small  steeUgray  octahedrooa 
From  the  Siegen  district,  Germany. 
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Melonite.  Tellurnickel  Oerm,  A  nickel  telluride,  NisTet.  Id  indistinct  granular 
and  foliiiled  particles.  Color  reddisli  white,  with  mAtallic  luster.  From  the  Stanislaus 
mine,  California;  probably  also  in  Boulder  Co..  Colorado. 


The  following  species  are  sometimes  regarded  as  Salpho-salts,  namely, 
Sulpho-ferrites,  etc. 

BORNTTE.  Buiitkupfererz  QeTrm.  Purple  Copper  Ore.  Variegated  Copper  Ore. 
Erubesciie. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pi.  o, 
often  penetration-twins.     Massive^  structure  granular  or  compact. 

Cleavage :  o  in  traces.  Fracture  small  conchoidal,  uneven.  Brittle. 
H.  =  3.  G.  =  4*9-5*4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fracture,  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  blac*k.     Opaque. 

Comp.y  Tar. — A  sulphide  of  copper  and  iron,  but  varying  in  the  proportions 
of  these  metals.  The  crvstallized  mineral  agrees  with  Cn.FeS,  =  Sulphur 
28-1,  copper  55*5,  iron  16-4  =  100:  this  may  be  written  3Cu,S.Fe,S,  (Groth) 
or  Cu,S.CuS.FeS  (Rg.). 

Analyses  of  niJissive  varieties  give  from  50  to  70  p.  c.  of  copper  and  15  to  6*5  p.  c.  of 
iron.     The  variation  is  due,  iu  part  at  le>ist,  to  mechanical  admixture,  chiefly  of  chalcocite. 

Pyr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube 
yields  sulphurous  fumes,  but  no  sublimate.  B.B.  on  charcoal  fuses  inR.F.  to  a  brittle 
magnetic  iriobule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and 
copper,  and  wi'h  so<la  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

Dift— Distin^ul.ohed  (e.g.  from  chalcociie)  by  the  peculiar  reddish  color  on  the  freah 
fracture  and  by  us  brilliant  tarnisli;  B.B.  becomes  stron^rly  magnetic. 

Obs. — Occurs  with  other  cop|>er  ores,  and  is  a  valua  le  ore  of  copper.  Crystalline 
varieties  are  found  in  Cornwall,  culled  by  the  miners  "horse-flesh  ore."  Occurs  massive 
at  Ross  Island,  EillHrne}^  Ireland;  Monte  Catini.  Tuscany;  the  Mansfeld  district,  Ger- 
many: in  Norway.  Sweden,  Siberia.  Silesia,  and  Hungary.  It  is  the  principal  copper  ore 
at  some  Chilian  mines:  also  common  in  Peru.  Bolivia,  and  Mexico. 

In  fhe  U.  S.,  found  at  the  copper  mine  in  Bristol,  Conn.;  massive  at  Mahoopeny,  near 
Wilkesburre,  Penn.     A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Born  (1742-1791). 

Linnaaite.  A  sulphide  of  cobalt,  CoaSi  =  CoS.CotSa,  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  siegenite).  Commonly  in  octahedrons;  also  massive.  H.  =5  5. 
G.  =  48-5.  Color  pale  steel-gray,  tarnishing  copper-red.  Occurs  at  Btisinaes,  etc., 
Sweden;  Mttsen,  near  Siegen.  Prussia;  at  Siegen  (iiegenite),  iu  octahedrons.  In  the  U.  8., 
at  Mine  hi  Moite,  Missouri;  Mineral  Hill.  Maryland. 

Daubreelite.  An  iron-chromium  sulphide,  FeS.CrsSt.  occurring  with  troilite  in  some 
meteoric  irons.     Color  black.     G.  -  501. 

Oubanite.  An  iron-copper  sulphide,  perhaps  6uFe38«  =  CuS.Fe«Ss.  Isometric;  mas- 
sive. Color  between  bronze-  and  brass-yellow.  G.  =  4  08-4*17.  Prom  Barracanao,  Cuba; 
Tunaberg  and  Kafveltorp,  Sweden. 

Carrollite.  A  eopper-cobalt  sulphide,  CuCo»S4  =  CuS.Co,S«.  Isometric;  rarely  in 
octahedrons.  Usually  massive.  G.  =  4*85.  Color  light  steel-gray,  with  a  faint  reddish 
hue.     From  Carroll  Co.,  Maryland,  near  Finksburg. 

OHALCOPYRITB.     Copper  Pyrites.     Yellow  Copper  Ore.     Kupferkies  Oerm, 
Tetragonal-sphenoidal.     Axis  i  =  0*98525. 

pp*.  Ill  A  111  =  108*  40'.  pp,,  111  A  111  =  70*  7i'.  ee,  001  a  101  =  44"  34i'. 

Crystals  commonly  tetrahedral  in  aspect,  the  sphenoidal  faces  p  large, 
dull   or  oxidized;  p^  small   and    brilliant.     Sometimes  both  forms  equally 
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developed,  and  then  octahedral  in  form.  Twins :  (1)  tw.  pi.  p  (111), 
resembling  spinel-twins  (Fig.  379,  p.  125);  sometimes  repeated  as  a  fiveling 
(Fig.  609).  (2)  Tw.  pi.  and  comp.-face  e  (Fig.  381,  p.  125)  often  in  repeated 
twins.  (3)  Tw.  pi.  m,  tw.  axis  (f,  complementary  penetration- twins.  Often 
massive,  compact. 

Cleavage:  z  (201),  sometimes  distinct;  c^  indistinct.  Fracture  uneven. 
Brittle.  H.  =  3*5-4.  G.  =  4-l-4'3.  Luster  metallic.  Color  brass-yellow; 
often  tarnished  or  iridescent.    Streak  greenish  black.    Opaque. 

607.  608.  609. 


9  (201).  9  (518). 

Comp.— A  sulphide  of  copper  and  iron,  CuFeS,  or  Cu,S.FejS,  =  Sulphur 
35*0,  copper  34*5,  iron  30*5  =  100.  Analyses  often  show  variations  from  this 
formula,  often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  auriferous  and  argentiferous;  also  contains  traces  of  selenium  and  thallium. 

P3rr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate,  in  the  open 
tube  sulphurous  fumes.  On  charcoal  fuses  to  a  magnetic  globule  ;  with  soda  the  roasted 
mineral  gives  a  globule  of  copper  containing  iron.  The  roasted  mineral  reacts  for  copper 
and  iron  with  the  fluxes.  Dissolves  in  nitric  acid,  excepting  the  sulphur,  and  forms  agi-een 
solution;  ammonin  in  excess  changes  the  green  color  to  a  deep  blue,  and  precipitates  red 
ferric  hydroxide. 

Dift— Distinguished  from  pyrite  by  its  inferior  hardness  and  deeper  yellow  color. 
Resembles  gold  when  disseminated  in  minute  grains  in  quartz,  but  differs  in  being  brittle 
and  in  having  a  black  streak;  further  it  is  soluble  in  nitric  acid. 

Obs. — A  widely  disseminated  mineral  in  metallic  veins  and  nests  in  gneiss  and  crystal- 
line schists,  also  in  serpentine  rocks;  often  intimately  associated  with  pyrite.  also  with 
siderite,  tetrahedrite,  etc.,  sometimes  with  nickel  and  cobalt  sulphides,  pyrrhotite,  etc. 
Observed  coated  with  tetrahedrite  crystals  in  parallel  position,  also  as  a  coating  over  the 
latter. 

Chalcopyrite  is  the  principal  ore  of  copper  at  the  Cornwall  mines;  there  associated  with 
cassiterite,  galena,  bornite,  chnlcocite.  tetrahedrite,  sphalerite.  At  Falun,  Sweden,  it 
occurs  in  large  masses  embedded  in  gneiss.  At  Rammelsberg,  near  Goslar  in  the  Harz, 
forms  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  iu  the  Kupferschiefer 
of  Mansfeld.  The  Kurprinz  mine  at  Freiberg  affords  well-defined  crystals;  also  Ilor- 
hausen,  Dillenburg,  Neudorf,  MUsen;  Schlackenwald  in  Bohemia.  Common  elsewhere  as 
at  Mte.  Catini  iu  Tuscany;  in  New  South  Wales;  Chili,  etc. 

In  Maine,  at  the  Lubec  mines  and  elsewhere.  In  Vermont,  at  Stafford,  etc.  In  Man,,  at 
the  Southampton  lead  mines.  In  Conn.,  at  Bristol.  In  New  York,  in  crystals  and  massive 
at  Ellenville,  Ulster  Co.  In  Pennsylvania,  at  Phenixville;  at  the  French  Creek  mines, 
Chester  Co..  with  pyrite.  magnetite,  etc.  In  Maryland,  near  Finkslmry,  Carroll  Co.. 
abundant.  In  Virginia,  at  the  Phenix  copper  mines,  Fauquier  Co.,  and  the  Walton  gold 
mine,  Louisa  Co.  In  N.  Carolina,  near  Greensboro',  abundant  massive.  In  TennetsUt  30 
miles  from  Cleveland,  in  Polk  Co.     In  Missouri,  with  sphjileriie  at  Joplin,  Jasper  Co. 

In  Cal.,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte  Co.,  on 
west  side  of,  and  parallel  to.  the  chief  gold  belt;  occurring  massive  in  Calaveras  Co.,  and 
in  crystals  on  Domingo  Creek,  etc.  Abundant  in  Montana,  near  Butte,  with  bomite, 
pyrite,  etc.,  also  at  other  points,  often  argentiferous  and  auriferous.  In  Colorado,  abundant 
in  Gilpin,  Boulder,  Chaffee,  Gunnison  counties,  etc.;  commonly  associated  with  pyrite. 
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tetruhedrite,  sphalerite,  and  often  highly  argentiferous.  Also  mined  in  Arizona,  Utah, 
but  in  most  cases  chiefly  for  silver  and  gold.     Qrant  Co.,  New  Mexico. 

In  Canada,  in  Perth  and  near  Sherbrooke  and  at  many  points  in  the  eastern  part  of  the 
province  of  Quebec;  in  the  Nipissiue  distr.,  Ontario,  at  various  points;  extensively  mined 
at  Sudbury;  ut  the  Bruce  mines,  on  Lake  Huron;  at  Poiut-au-Mines  and  elsewhere  on  Lake 
Superior. 

Named  from  ;t<xAK'J?,  brass,  and  pyrites,  by  Heuckel  (1725). 


D.  DisulphideSi  Diarsenides,  etc. 

The  disulphides^  diarsenides,  etc.,  embrace  two  distinct  groaps.  The 
prominent  metals  included  are  the  same  in  both,  viz.:  iron,  cobalt  and  nickel. 
The  groups  present,  therefore,  several  cases  of  isodimorphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard,  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  the  familiar  name 
pyrites  applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow 
and  tin- white. 


{ 


Pyrite  Group.     RS,,RAs,3Sb^    Isometric-pyritohedral. 

Pyrite  PeS,  Geridorffite  NiS,.NiA8, 

Hauerite  MnS,  Corynite      NiS,.Ni(A8,Sb). 

Smaltite       CoAs,,  also  (Co,Ni)A8,  TTllmannite  NiS,.NiSb,  (isometric-tetar- 
Chloanthite  NiAs,,  also  (Ni,Co)A8,  Sperrylite    PtAs,  [tohednd) 

Cobaltite  GoS,.CoAs,  Lanrite       RuS,? 


Marcasite  Group.    BS,,  BAs,,  etc. 

Orthorhombic. 

d  :  b 

:h 

110  a  lio 

IOIaIOI 

Marcasite 

FeS,                0-7662:1 

:  1-2342 

74^  55' 

116*^  20^ 

Lolling^ite 

FeAs,               0-6689  : 1 

:  1-2331 

67**  33' 

123**    3' 

Leucopyrite 

Fe.A8, 

Arienopyrite 

FeS,.FeA8,            0-6773  : 1 ; 

:  1-1882 

68^  13' 

120°  38' 

Danaite 

(Fe,Co)S,.(Fe,Co)A8, 

Safflorite 

CoAs, 

Bammelsb^rgite 

NiAs, 

Olaucodot 

(Co,Fe)S,.(CoFe)As.  0*6942  : 1 ; 

:  1-1925 

69°  32' 

119°  35' 

Alloclasite 

(Co,Fe)(A8,Bi)S 

Wolfaohite 

NiS,.Ni(As,Sb), 

The  Pyrite  Group  includes  besides  the  compounds  of  Fe,  Co,  Ni,  also  others 
of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric-pyrito- 
hedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  angles  of  about  70""  and  110°  and  a  prominent  macro- 
dome  of  about  60°  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  several  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 
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Pyrite  Group. 

FTRITE.     SchwerelklM,  Elseobiei,  Q»Tm.     Iron  Pyrllei.  . 

iBometric-pyritoheiiral.  Cube  and  pyritohedron  e  (210)  the  common  forms, 
the  faces  of  boih  often  with  otriatious  [  edge  a/e,  due  to  OBcillatorj  combina- 
tioQ  of  theae  forms  and  tending  to  produce  rounded  faces;  pjntobedral  faces 
also  Btriated  X  to  this  edge;  octahedron  also  commou.  See  i:''iga.  610-617,  also 
Figa.  117-123,  pp.  44,45.  Twins:  tw,  ax  n,  usually  penetradon-twinB  with 
pariillel  uies  (Fi^.  369,  p.  124) ;  rarely  contact-twins.  Freouently  masaive,  fine 
granular;  sometimes  aubfibrous  radiated;  reniform,  globular,  atalactitic. 

Cleavage:  a,  o  indiatiuct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  ^ 
6-6-5.  O.  =  4-95-510;  4-967  Travorsella,  5-027  Elba.  Luster  metallic, 
610.  Sll.  U3.  013. 


splendent  to  glistening.     Color  a  pale  brass-yellow,  nearly  uniform.     Streak 
greenish  black  or  brownish  black.     Opaque. 

Comp.,  Tar.— Iron  disulphide,  FeS,  =  Sulphur  53*4,  iron  466  =  100. 

Nickel,  cobalt.  ddiI  ibnllliiiii.  Hud  also  copper  Id  ainiill  qiimitiiieB,  someiinifs  replace  part 
of  ibu  iron,  or  else  occur  as  mixtures;  selenium  la  Komttliuen  prEseiii  in  traces.  Gold  la 
Komellmes  disiributed  invisibly  tlirougli  it.  uurlteruus  pyriie  beiti^  an  itn|ioriiiuI  source  of 
gold.  Araeulc  la  raielf  present,  at  Id  oclubedral  crysiula  from  Fieucli  Cri-t-k,  Peon.  (0-2 
p.  c.  As). 

Pyr.,  ato. — In  tLc  closed  lube  asublimnte  of  siilpliur  and  a  mngoelic  residue.  B.B.  on 
cliBrcual  glvea  off  eulpbur,  burning  wilb  a  blue  Qame,  leaving  u  magiietlc  rtililue  wUicU 
reacts  like  pyrrholite  (p.  290).     Insoluble  in  bydrocliloric,  but  decomposed  by  iiliric  acid. 

Diff  — Disllugiiiabed  from  chalcopyrile  by  its  greater  hardiieu  and  paler  culor;  Id  form 
and  Hpccitic  gnivlty  different  from  niarciisiie,  whicb  biia  alu)  a  whiter  coiot. 

Obi.  — Pyrite  occurs  abundantly  in  rocka  of  all  ngea,  from  the  oldest  cryalalllne  lo  the 
most  recent  iilltivlal  deposlls.  It  usually  occurs  In  amnil  cubes,  pyiilobedrons.  or  Id  more 
bishly  inodiflLiI  forms:  a\ao  (often  with  marcasile)  iu  irregtilnr  spberoidal  nodules  aad  io 
veTtis.  lit  clny  Rliiie.  Brgillaceoiis  sandMoiies,  Ibe  coni  forraa'idii.  clc. 

Fine  cryaiiils  liave  been  found  in  some  of  Ibe  Corniob  mines;  also  in  great  varleiy  wilh 
hematite  on  ilie  isi]iMd  of  Elba,  and  with  magnetite  n1  Traveniclla  nnd  Brossu  in  Piedmont. 
Other  localities  for  crystnU  are  Mdnen  near  Siegcn;  Freiberg,  Snxnnv;  Schneeherg;  Wiil- 
denstein  in  CaHnililn;  PNbram,  Bohemia;  Schemnitz.  Hungary;  fersberg,  Falun,  and 
Lincban  in  Sweden  ;  Kongsliertt  in  Norway. 

In  Miiint.  at  Pern.  Walerville,  etc.  In  N.  Bnmpthlrt.  at  Unity,  massive.  In  Matt.,  at 
Aowe,  Hawley,  uiasalve.  In  Vtrmont,  ai  ShfirebBm.  in  liinesione;  Hnrtford.  lii  Ci^nn..  at 
Rnxbury.  flQely  cry.qinlllzcd.  In  N.  T»rk.  at  Hossfe.  fine  crvstals;  nt  Scholinrie;  at  Cbfster, 
Warren  Co.;  In  Orange  Co.,  nt  Warwick;  roMsi«e  in  Franklin,  Putnam,  and  Orange  Cm,, 
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etc.     In  Pennsylvania,  at  Chester,  Delaware  Co.;  at  EDauertowu,  Chester  Co  :  at  Fri-iich 


commoD  at  the  miDes  of  Colorado,  aud  tnaiiy  of  those  nf  Cnliforuia,  as  weil  as  in  Viigiuia 
aDd  the  States  south.  lu  Canada,  2  miles  N.  W.  of  Brockville,  Outurio,  a  cobuitifeioiis 
variety. 

Liirge  quantities  of  massive  pyrite  are  mined  at  the  Rio  Tluto  and  other  mines  iu  Spain, 
also  ill  Portugal.  Among  im]>oriunt  deposits  in  the  U.  S.  nre  those  iit  Rowe.  MaHS.; 
Herman.  St.  I^wreuce  Co.,  aud  ElitDville,  Ulster  Co.,  N.  Y.;  Toleisville,  Louisa  Co  ,  Va.; 
Dallas,  Paulding  Co  ,  Gti. 

The  nume  pyrite  is  derived  from  ttvp,  fire,  VLud  alludes  to  the  spaiks  from  friction; 
hence  me  t-ariy  name  pynlee  (p.  2U9). 

Pyrite  readily  changes  to  an  iron  sulphate  by  oxidation,  some  sulplur  being  set  free. 
Also  lo  limonite  on  ita  surface,  and  afterward  throughout,  by  ibe  action  of  a  solution  of 
bicarl)onate  of  lime  carrying  i.f[  the  sulphuric  acid  as  change  proceeds,  aud  from  limonite 
%o  red  iron  oxide. 

Hanerite.  Manganese  disulphide,  MnSs.  In  octahedral  or  pyritohcdral  crystals:  also 
massive.  G.  =  840.  Color  reddh>h  brown  or  brownish  black.  f*rom  Kalinka,  Hungary; 
Raddusii,  Catania,  Sicily. 

SMALTTTB-OHIjOANTHITE.     Speiskobalt  Oerm. 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  0  distinct;  a  in  traces.  Fracture  granular  and  uneven.  Brittle. 
H.  =  5*5-6.  G.  =  6*4  to  6*6.  Luster  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish  black.     Opaque. 

Comp. — Smaltitb  is  essentially  cobalt  diarsenide,  CuAs,  =.  Arsenic  71*8, 
<;obalt  28-2  =  100.  Chloanthite  is  nickel  diarsenide,  NiAs,  =  Arsenic  71  9, 
nickel  281  =  100. 

Cobalt  and  nickel  are  usuallv  both  pref^nt,  and  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  can  be  drawn  l)eiween  them.  Iron  is  also  present  in  varying 
amount;  the  variety  of  chloanthite  containing  much  iron  has  l>een  called  cAalA  niiie.  Further 
sulphur  iH  ii'iually  present,  but  only  in  small  quantities.  Many  analyses  do  not  conform 
even  approximatelv  to  the  formula  RA8«,  the  ratio  ri>hig  from  leM  than  1 : 2  to  1 :  2*5  nnd 
nearly  1 : 3.  thus  showing  a  tendency  toward  skutterudite  (RAsi),  i)erhaps  due  to  either 
molecular  or  mechanical  mixture. 

Much  that  has  been  called  smalt ito  (speiskobalt)  is  shown  by  the  high  specific  gravity  to 
belong  to  the  oithorliombic  species  safflorite. 

Pyr..  etc  — In  the  closed  tul)e  irives  n  sublimate  of  metallic  arsenic;  in  the  open  tube  a 
white  sublimate  of  arsenic  trioxide,  nnd  sometimes  trtices  of  sulphur  dioxide.  B  B.  oD 
charcoal  pives  an  arsenical  rnlor,  and  fuses  to  a  globule,  wliich,  trealid  with  successive 
portions  of  bomx-glats.  affords  reactions  for  iron,  cobalt,  nnd  nckel. 

Obs. — Usual 'y  occur*  in  veins  accompanying  ores  of  c*Imi1i  or  nickel,  and  ores  of  silver 
and  copper:  also,  in  some  in^itances  wiili  niccolite  nnd  arsdiopyrite.  Found  ut  the  Baxon 
mine«»;  Joachiinsthnl.  Bohemia;  Wheal  Snarnon,  Cornwall;  Riechelsdorf  Hei^e;  Tunalerg, 
Sweden;  Allemont.  Dauphine.  In  the  U.  8..  nt  Chatham.  Conn.,  the  e/ta^iafKtte  occurs  iQ 
mica  slate,  wiih  arsenopyrite  and  niccolite;  at  Franklin  Furnace,  N.  J. 

COBAIiTTTB. 

Isomotnc-pyritobedral.  Commonly  in  cubes,  or  pyritohedrons,  or  combina- 
tions resembling  common  forms  of  pyrite.     Also  granular  massive  to  compact. 

Cleavage:  cnbic,  rather  perfect.  Fracture  uneven.  Brittle.  11.  =  5  5. 
G.  =  6-6*3.  Luater  metallic.  Color  silver-white,  inclined  to  red;  also  steel- 
gray,  with  a  violet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
grayish  black. 

Comp.— Sulpharsenide  of  cobalt,  CoAsS  or  CoS,.CoAs,  =  Sulphur  19'3, 
Arsenic  45*2,  cobalt  35'5  =  100. 
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Iron  is  present,  and  in  the  YKrleij  ferroeobalUte  in  large  amount. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  In  the  opeu  tube  gives  sulphurous  fumes, 
and  a  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  oft  sulphur  and 
arsenic,  and  fuses  to  a  magnetic  globule;  with  borux  a  cobalt-blue  color.  Soluble  in  warm 
nitric  acid,  with  the  separation  of  sulphur. 

Obs.— Occurs  at  Tunaberg  and  HakansbO  in  Sweden;  at  the  Nordmark  mines;  also  at 
Skutterud  in  Norway;  at  Schladming.  Styria;  Siegeu  in  Westphalia;  Botallack  mine,  near 
St.  Just,  in  Cornwall;  Khetri  mines,  Kajputaua,  ludia. 

Qersdorffite.  Sulpharsenide  of  nickel,  NiAsS  or  NiS,.NiAs«.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  the  nickel.  Isometric-pyritohedral :  usually  massive. 
H.  =  5*5.  G.  =  6  6-6*2.  Color  silver-white  to  steel-gray.  From  Loos,  Sweden;  the  Harz; 
SchludmiDg,  Styria,  etc. 

Oorynite  is  near  gersdorfBte,  but  contains  also  antimony.    From  Olsa,  Carinthin. 

Willyamite.  CoSs.NiStCoSbt.NiSba.  Cleavage  cubic.  Color  tin-white  to  steel-gray. 
Broken  Hill  mines,  New  South  Wales. 

Ullmannite.  Sulphantimooide  of  nickel,  NiSbS  or  NiSa.NiSb* ;  arsenic  is  usually 
present  in  small  amount.  Isometric-tetartohedml ;  both(|)3'ritohedral  nnd  tetrnhedral  forms 
occur  (see  Figs.  146,  147,  p.  51).  Usually  massive,  granular.  H.  =  5-5*5.  G.  =  6*2-6*7. 
Color  steel-gray  to  silver-white.  Occurs  in  the  mines  of  Freusbur^,  Nassau;  Siegen, 
Prussia;  LOHiug,  Curinthia  (tetrahedral);   Montenarba,  Surrabus.  Sardinia  (pyritohedral). 

Eallilitb.  Wismuthantimounickelglanz  Germ,  Ni(8b,Bi)S  or  NiS«.Ni(8b.Bi)s. 
Massive,  color  light  bluish  gray.  From  the  Friedrich  mine  near  SchOnsteiu  a.  d.  Sieg, 
Germany. 

Sperrylite.  Platinum  diarsenide,  PtAss.  In  minute  cubes,  or  cubo-octahedrons. 
H.  =  6-7.  G.  =  10*602.  Luster  metallic.  Color  tin-white.  Streak  black.  Found  at  the 
Vermillion  mine,  22  miles  west  of  Sudbury,  Ontario,  Canada;  also  in  Macon  Co., 
N.  Carolina.    This  is  the  only  known  native  compound  of  platinum. 

Laurite.  Sulphide  of  ruthenium  and  osmium,  probably  essentially  RuSs.  In  minute 
octahedrons;  in  grains.  H.  =  7*5.  G.  =  6*99.  Luster  metallic.  Color  dark  iron-black. 
I^m  the  platinum  washings  of  Borneo.     Also  reported  from  Oregon. 

Skuttemdito.  Cobalt  arsenide,  CoAsi.  Isometric-pyritohedral.  Also  massive 
granular.  Cleavage:  a  distinct.  H.  =6.  G.  =  6*72-6*86.  Color,  between  tin-white  and 
pale  lead-gruy.     From  Skutterud,  Norway. 

Nickel- SKUTTERUDiTB.  (Ni,Co,Fe)Asi.  Massive,  granular.  Color  gray.  From  near 
Silver  City,  New  Mexico. 

BiSMUTO-sMALTiTB.  Co(A8.B])i.  A  skuttcrudite  containing  bismuth.  Color  tin- 
white.    G.  =  6  92.    Zschorluu,  near  Schneeberg. 

Marcasite  Group. 

For  the  list  of  species  and  their  relations,  see  p.  299. 

MAROA8ITE.     White  iron  pyrites. 
Orthorhombic.     Axes  d:h:  6  =  0-7662  :  1  :  1-2342. 

mw"',  110  A  110  =    74'  55'.  ll\  Oil  a  Oil  =  lOr  58'. 

««',       101  A  101  =  116*  20'.  <J#,  001  A  111  =    63"  46'. 

Twins:  tw.  pi.  m  (Fig.  619),  sometimes  in  stellate  fivelings  (Fig.  406,  p. 
128,  cf.  Fig.  620);  also  tw.  pi.  e  (101),  less  common  the  crystals  crossing  at 
angles  of  nearly  60°.  Crystals  commonly  tabular  |  t\  also  pyramidal;  the 
brachydomes  striated  J  edge  h/c.  Often  massive;  in  stalactites;  also  globular, 
reniform,  and  other  imitative  shapes. 

Cleavage:  m  rather  distinct;  I  (Oil)  in  traces.  Fracture  uneven.  Brittle. 
H.  =  6-6*5.  G.  =  4'85-4*90.  Lnster  metallic.  Color  pale  bronze-yellow, 
deepening  on  exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp. — Iron  disulphide,  like  pyrite,  FeS,  =  Sulphur  53*4,  iron  46*6  =  100. 
Arsenic  is  sometimes  present  in  small  amount. 


SULPHIDee,  SBLEiriDEa,   TELLDRIDBB,  ABSBNIDES,  ANTIHONIDES.        303 

Var. — Tbe  varieties  named  depend  malolf  on  Btate  of  cryctnllizalinn.  Radiated 
{BVahlkUt  Germ.):  Radiated:  also  the  simple  cryslals.  Cotkteott^  P.  (Kammtiet  Germ.): 
Ageregallous  of  Uatleued  twta  crystals  in  crest-likt)  fonns.  Spear  P.  {Spttrkim  Germ.): 
Twine ■         ■'■■■-  ■'■-■-■■-  ■     -  "     ■•■ 


n  cryatala, 


a  little  like  tLe  head  of  a  spear  in  form.     Capillary 


■e  so  than  pyriCe. 

Eiifl.— Resenib lee  "py rite,  but  bas  a  lower  specltic  gravity,  and  tbe  color  wben  frub  («.p. 
after  treatment  wiib  iiciil)  is  paler;  when  crysialllied  easily  dUtiiigtiisbed  by  tbe  forms. 
Hore  subject  to  tarnish  and  floal  decomposition  than  pyrlte. 

Obs.— Occurs  abundantly  at  Littmltz  and  Allaittell,  Dear  Carlsbad  In  Bohemia;  also  at 
Joachimsthal,  Boliemia,  and  ia  Saxony  and  tbe  Harz.    Occura  wiili  galena  and  diiorite  In 
Derbyshirei  in  chalk-marl  between  Folkettooe  aod  Dover^  near  Alston  Hoor,  Cumberland; 
S18.  619.  S30. 


Common  form.  Galena,  III.  Folkestone. 

Bcbemnitz,  Hungary.  At  Warwick,  N.  Y.,  in  crystals;  massive  at  Cummington,  Uaaa., 
and  at  Lane's  mine,  Monroe.  Conu. ;  at  Galena,  III. ,  in  stalactites  with  concentric  layers  of 
■phalerite  and  galena;  Mineral  Point,  Wis.,  in  fine  crystals:  on  sphalerite  at  Joplln,  Ho. 

Tbe  word  mareatiU.  of  Ambic  or  Moorish  origin  (and  variously  used  by  old  wrlteta,  for 
blamuUi,  antimony),  was  the  name  of  common  crystallized  pyrlte  among  miners  and 
mineralogists  in  later  centuries,  until  near  the  close  of  tbe  lasL  It  was  first  given  to  Ihla 
species  by  Haidlnger  in  1846. 

IiSIlluglta.  Sssentially  Iron  diarsenide,  FeAsi,  but  passing  into  FeiAst  {ImucpyHU); 
also  tending  toward  arseuopyrile  (FeAsfi)  and  saffiorite  (CoAsi).  Bismuth  and  antimonT 
are  soroeiimes  present.  Usually  massive.  H.  =  S-0-5.  G.  =  T'0-7-4  chiefly,  also  6'B. 
Luster  metallic.  Color  between  silver-white  and  steel-gray.  Streak  KrHytab  black. 
Occurs  in  the  LOI 1 1  n g-HQ tie n berg  district  in  Carinlhla;  with  niccolite  at  Schladming,  etc. 
In  tbe  U.  S..  lailinglte  occura  in  Gunnison  Co..  Colorado,  etc. 

Gbterite  is  near  lOUIngite,  but  contains  sulphur;  from  Qeyer,  Saxony, 

ARSBNOPTRI^B,  or  Mibfickel.     Arsenkiei  0«f-m. 
Orthorhombic.    Aiea  a  ■.1:6  =  0-6773  : 1  : 1-1882. 

"•'"'"•  1">  A  liO  =    68"  13'.  ^3,  „, 

«',        101  A  101  =  120°  38'. 


OU  A  014  = 

012  A  oia  = 


°  26'. 


g^.       Oil  A  oil  =    99°  50". 

Twins:  tw,  pi.  m,  Bometimes  re- 
peated like  marcaaite  (Fig.  407,  p.  128); 
e  (101)  cruciform  twiue,  also  trillings 
(Figs.  402,  403,  p.  128).  CryHtals  pris- 
matic m,  or  flattened  vertically  by  the 
oscillatory  combination  of  brachydomes. 
Also  columnar,  straight,  and  divergent; 
granular,  or  compact. 

Cleavage:  m  rather  distinct;  c  in  faint  traces.    Fracture  uneTen. 
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H.  =  5*5-6.     6.  =  5*9-6'2.      Luster  metallic.     Color  silver-white,  incliniDg 
to  steel-gray.     Streak  dark  grayish  black.     Opaque. 

Gomp.,  Var.— Sulpharsenide  of  iron,  FeAso  or  FeS,.FeAs,  =  Arsenic  46*0, 
43ulphur  19*7,  iron  34*3  =  100.  Part  of  the  iron  is  sometimes  replaced  by 
cobalt,  as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 

Pyr.,  etc. — In  the  closed  tube  at  first  gives  a  red  sublimate  of  urseDic  trisulphide,  then 
n  bliu-k  lustrous  sublimnte  of  metallic  ursenic  iu  the  opeu  tube  gives  sulphurous  fumes 
aud  u  white  sublimaii?  of  arsenic  trioxide.  B.B.  ou  churcoal  gives  arsenical  fumes  and  a 
magnetic  globule.  The  varieties  containing  cobalt  give,  after  the  arsenic  has  been  roasted 
off,  H  blue  color  with  borax-glass  when  fus^  iu  O.F.  with  successive  portions  of  flux  until 
all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor.  Decomposed 
by  nitric  acid  with  the  separation  of  sulphur. 

Diff.  — Chanicier  zed  by  its  hardness  and  tin-white  color;  closely  resembles  some  of  the 
«ulphi(ies  and  arseuidL's  of  cobalt  and  nickel,  but  identified,  in  most  coses  etisily,  by  its 
blowpi|>e  characters.     L51iingite  does  not  give  a  decided  sulphur  reaction. 

Obs— Found  principally  iu  crystalline  rocks,  its  usual  mineral  associates  being  ores  of 
ailver,  lead,  and  tin.  aliH>  pyrite,  chalcopyrite,  and  sphalerite.  Abundant  at  Freiberg,  etc., 
in  Saxony:  Rcichenstcin,  Silesia,  iu  serpentine;  in  beds  at  Breitenbrunn,  Andreasberg, 
Joachimsthal;  Tunaberu;.  Sweden;  Skutterud.  Norway;  at  several  points  in  Cornwall. 

In  the  U.  S  ,  in  N.  JJamp$hire,  in  gneiss,  at  Francouia  (danaite).  In  Maine,  at  Blue 
Hill.  etc.  In  Conn.,  at  Chatlian);  at  Mine  Hill,  Roxbury,  with  siderite.  In  N.  York, 
massive,  in  Lewis,  E^sex  Co  ,  with  hornblende;  near  Edenville,  and  elsewhere  iu  Ornnge 
Co.  In  California,  Nevada  Co.,  Grass  valley.  In  crystals  at  St.  Fran9ois,  Beauce  Co., 
Quebec:  large  l)eds  occur  iu  quartz  ore  veins  at  Deloro,  Hastings  Co  ,  Ontario,  where  it  is 
mined  for  gold. 

The  name  mii^pickel  is  an  old  German  term  of  doubtful  oiigin.  Danaite  is  from 
J.  Freeman  Dana  of  Boston  (1793-1827),  who  made  known  the  Frauconia  locality. 

Safflorite.  Like  smaltite,  essov'tially  cobalt  diarsetdde,  CoAs«.  Form  near  that  of 
arsenopyrite.  Usually  massive.  H.  =  4*5-5.  G.  =  6*9-7*8.  Color  tin-white,  soon  tar- 
nishing.    From  Schneeberg.  Saxony;  Bleber,  Hesse;  Witticlien,  Baden;  Tunaberg,  Sweden. 

Rammelaberglte.  Essentially  nickel  diarsenide,  NiAs*,  like  chloiiuthite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  =  6-9~7-8.  Color  tin-white  with  tinge  of  red. 
Occurs  at  Schneeberg  and  at  Riechelsdorf. 

Olauoodot.  Sulpharsenide  of  cobalt  and  iron,  (Co,Fe)AsS.  In  orthorhombic  crystals 
<axes,  etc..  p.  299).  Also  ma.«sive.  H  =  5.  G.  =  6-90-601.  Luster  metallic.  Color 
ffrayish  tin- white.  Occurs  in  the  province  of  Huasco.  Chili;  -at  HakausbO,  Sweden. 
Named  from  yXavKoS,  blue,  because  used  for  making  smalt. 

Alloclasite.  Probably  essentially  CofAs.Bi)S  with  cobalt  in  part  replaced  by  iron:  or 
a  glaucodot  containing  bismuth.  Commonly  in  columnar  to  hemispherical  aggregates. 
H.  =4-5.     G.  =6  6.     Color  steel-gray.     From  Orawiiza. 

Wolfaohite.  Probably  Ni(As,Sb)S,  near  lorynite.  In  small  crvstals  resembling 
arsenopyrite:  also  rolumnar  radiated.  H.  =  4*5-5.  G.  =6*872.  Color  silver-white  to 
tin- white.    From  Wolfach,  Baden. 


The  following  species  are  tellnrides  of  gold,  silver,  etc. 

SYLVANITB.     Graphic  Tellurium.     Schrift-Tellur  Germ. 

Moiioclinlc.  a:l\i-  1-6339  :  1  :  1-1265;  /?  =  89^  35'.  Often  in  branch- 
ing arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly columnar  to  (i^anular. 

Cleavage:  h  perfect.  Fracture  uneven.  Brittle.  H.  =  1-5-2.  G.  =  7-9- 
8-3.  Luster  metallic,  brilliant.  Color  and  streak  pure  steel-gray  to  silver- 
white,  inclining^  to  yellow. 

Comp.— Telluride  of  gold  and  silver  (Au,Ag)Te,  with  Au  :  Ag  =  1  :  1; 
this  requires:  Tellurium  62-1,  gold  24-5,  silver  13-4:  =  100. 
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.,  etc.— lu  tbe  opeu  tube  fives  a  white  sublimate  of  tellurium  dioxide  wbich  near 
the  aanij  is  gray;  when  treated  with  the  blowpipe  tlame  tbe  subliuiate  fuses  to  clear  trans- 
parent iiro(>s.  B  B.  ou  charcoal  fuses  to  a  dark  gniy  globule,  covering;  tbe  coal  with  a 
white  coaling,  which  treHtcMl  in  R.P.  disappi-ars,  giving  a  bhiisb-green  color  to  tbe  tlame; 
after  long  blowing  a  yellow,  malleable  uietallic  g'Obule  is  obtained.  Moat  varieties  give  a 
faint  coatinip  of  lead  oxide  iind  antimony  oxide  on  cliarcoal. 

Obs  — With  gold,  at  OffenlM&nya,  Truus^  Ivania;  abio  at  Nagy&g.  In  Califomin,  Cala- 
veras Co.,  at  the  Mclones  and  8lani^laus  mines.  In  B«»ulderCo.,  and  elsewhere  in  Colorado, 
liamed  from  Transylvania,  where  first  found,  and  iu  allusion  to  sjflvamum,  one  of  the 
names  ut  tii-st  proposed  for  tbe  metu.  tellurium. 

Krennerite.  A  telluride  of  cold  and  silver  (An  Ag)Tca  like  sylvanite.  In  prismatic 
crystals  (ortboi  hombic),  vertically  striated.  G.  =  8*853.  Color  silver-white  to  brass- 
yellow.     From  Nagydg,  Transylvania;  Cripple  Creek  Colorado. 

Calaykrite  a  goM-silver  telluride.  Like  sylvanite  (Au,Ag)Tet  with  Au  :  Ag  = 
6 :  1  or  7  : 1.  Massive.  H.  =  2*5.  G.  =  9  043.  Color  ]>ale  bronze-yellow  Occurs  with 
petzite  nt  ti.e  Stanislaus  mine,  Cabiveras  county,  California.  Also  at  the  lied  Cloud  and 
other  mines,  Ci'lorado. 

Calaverite  has  the  same  general  formula  as  sylvanite  but  a  much  higher  percentage  of 
i;old.  and  nmy  Itelong  with  it;  or,  as  seems  probable,  krennerite  may  be  tbe  crystallized 
form  of  calaverite. 

Nagyagite.  A  sulpbo-telluride  of  lead  and  gold ;  containing  also  about  7  p.  c. 
of  antimony.  Ortb(»rhombic.  Crystals  tabular  \b;  also  granular  massive,  foliated. 
Cleavage:  b  perfect;  flexible  H.  =  l-l  5.  G.  =  6  85-7*2.  Lusier  metallic,  splendent. 
Streak  and  color  bhickifli  lead  gray.  Opaque.  From  Nagy&g,  Transylvania;  and  at 
Offenb&uya.    Reported  from  Colorado. 

Oxysiilphides. 

Here  are  incloded  Kermesite,  Sb,S,0,  and  Voltzite,  Zn.S^O. 

Kermesite.  Antinionblende,  Rothspie^tsgUnzerz  Oerm.  PvroAtibite.  Antimony  ozy» 
aulpbide.  Sb,8iO  or  28)»i8a  Sb,Ot.  MonocHnic.  Usually  in  tufU  of  ranillary  crystals. 
Cleavage:  a  perfect.     H  =  1-1  5.     G   =4  5-4«.     Luster  adamantine.     Color  cherry-red. 

liesulis  from  tbe  alteration  of  stibnite  Occurs  at  Malarzka.  Hungary;  Brflnnsdorf, 
Saxony;  Allemont.  D.-iupbine.  At  South  Ham.  Wolfe  Co.  Qiiebeo,  Canada:  with  native 
antimony  an<l  siilmite  at  tbe  Prince  William  mine.  York  Co  .  riew  Brunswick. 

Nan»e<l  from  kermea,  a  name  given  (from  tbe  Persian  qurmigq  crimson)  in  tbe  older 
chemistry  to  red  amorphous  antimony  trisulphide,  ofien  mixed  with  antimony  trioxide. 

Voltzite.  Zinc  oxysulpbide  Zn»S40  or  4ZtiS  ZnO  In  implaiit'd  spherical  globules; 
H.  =  4-4-5.  G.  =  3-66-8  80.  Color  d  rty  n»e-re<l.  yellowish.  Occurs  at  liosi^res,  Puy 
de  Dduie;  Joacbimsihal;  Mariuuberg,  Saxony  (leberbleniie). 
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ni.  SULFHO-SAIiTS. 


I.  Sulpharseuites,  Sulphantimonites,  Sulphobismuthitei. 
n.  Sulpharsenates,  Sulphostannates,  etc. 


I.  Sulphamenites,  Sulphantimonites,  etc. 

In  these  sulpho-salts^  as  farther  explaiued  on  p.  248,  sulphur  takes  the 
piace  of  the  oxygen  in  the  commoner  and  better  understood  oxygen  acids  (as 
Ci«rbouic  acid,  H,CO„  sulphuric  acid,  H^SO^,  phosphoric  acid,  H,PO^,  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivalent  arsenic^ 
antimo7iy  and  bismuth.  The  most  important  acids  are  the  ortho-acids, 
H,Ascl„  etc.,  and  the  meta-acids,  U,AsS„  etc.;  but  H^As,S»,  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  silver, 
lead ;  also  zincy  mercury ,  iron,  rarely  others  (as  Ni,  Co)  in  small  amount.  In 
view  of  the'  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writing 
the  composition  after  the  dualistic  method,  RS.As,S„  2BS.As,S,,  etc. 

As  a  large  part  of  the  fifty  species  here  included  are  rare  and  hence  to  be 
mentioned  but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpharsenites,  etc.^ 
with  the  prominent  species  under  each,  are  as  follows: 

A.  Acidic  Division.  RS  :  (As,Sb,Bi),S,  =  1  :  2,  2  :  3,  3  :  4,  4  :  5. 

B.  Meta-  Division.  KS :  (As,Sb,Bi),S.  =  1:1. 

General  formula :        R As.S„RSb,S„RBi,S,. 

Zinkenite  Group. 

Zinkenite  PbS.Sb,S.  Emplectite  Cu.S.Bi.S, 

Sartorite  PbS.As.S.  Chalooitibite  Gu,S.Sb,S„  etc 

Also 

Ag,S.Sb,S,  Lorandite  Tl,S.As,S, 


C.  Intermediate  Division.       RS  :  (As,Sb,Bi).S,  =  5  :  4,  3  :  2,  2 : 1,  5  :  2. 

Here  belong 
Plagionite  5PbS.4Sb,S.. 

Schirmerite         3(Ag„Pb)S.2Bi,S,        Klaprotholite         3Cu,S.2Bi,S.,  etc. 
Binnite  3Cu,S.2A8,S,  Warrenite  3PbS.2Sb,S, 

Jamesonite  Group. 

Jamesonite  2PbS.Sb,S,  CosaUte  2PbS.Bi,S„  etc. 

Dofirenoysite  2PbS.As,S, 

Also  Freieilebenite  5(Ag„Pb)S.2Sb,S,  Boolangerite         5PbS.2Sb2S3 
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D.  Ortho-  Division.  fiS  :  (A8,Sb,Bi),S.  =  3:1. 

General  formuls:  B,A8S.,R,SbS,;    R,A8,S^E,Sb,S^  etc 

Bouruouite  Group* 

Bonrnonite  3(Cu„Pb)S.Sb,S,  WitUchenite  3Cu,S.Bi,S, 

Aikinite  3(Pb,Cu,)S.Bi,S,  LiUianite  3PbS.Bi,Sp  etc. 

Pyrargyrite  Group. 

Pyrargyrite  3Ag,S.Sb,S,  Prourtite  3Ag,S.A8,S, 

f.  Basic  Division.        BS  :  (A8,Sb,Bi),S,  =  4  :  1,  6  : 1,  6  :  1,  9  :  1, 12 :  L 

Tetrahedrite  Group. 
Tetrahedrite  4Gu,S.Sb,S.  Tennantite  4Gu,S.A8,S, 

Jordanite  Group. 

Jordanite  4PbS.A8,S.  Meneghinite  4PbS.Sb,S, 

Al80 

Geocronite  5PbS.Sb,S,  Stephanite  5Ag,S.6b,S, 

Kilbrickenite  6PbS.Sb,S,  Beogerite  GPbS.Bi.S. 

Polybasite  Group. 

Polybasite  9Ag,S.Sb,S,  Pearceite  9Ag,S.A8,S, 

Polyargyrite  12Ag,S.Sb,S, 


A.  Acidic  Division. 


Livingstonite.     Hg8.2Sb.8,.     Resembles  stibnite  in  form.    Color  lead-gray;   streak 
red.    H  =  2     G.  =  4-81.     From  Huitzuco,  Mexico. 

Ohiviatite     2PbS.3BI,S,.     Foliated  massive.     Color  lead-gray.     From  Chiviato,  Peru. 

Cuprobismutite.     Probably  3Cu,S.4Bi3Ss.  in  part  argentiferous.     Resembles  bismuth- 
inite.     G.  =  6-3-6-7.     From  Blall  valley,  Park  Co.,  Colorado. 

Rezbanyite.    4PbS.5Bi,8,.     Fine-granular,  massive.     Color  lead-gray.     O.  =  6*1-6 '4 
From  Rezbauya,  Hungary. 


B.  Meta-  Division.    RS.A8,S„  RS.Sb.S.,  etc 

Ziukenite  Group.     Orthorhombic. 

ZINEENITE.     Bleiantimonglanz  Oerm.     Zinckenite. 

Orthorhombic.  Axes  a  :l :  i^  05575  :  1  :  0'6353.  Crystals  seldom  dis- 
tinct; sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitudinally  striated.     Also  columnar,  fibrous,  massive. 

Cleavage  not  distinct.  Fracture  slightly  uneven.  H.  =  3-3"5.  G.  =  5*30- 
5*35.     Luster  metallic.     Color  and  streak  steel-gray.     Opaque. 
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Comp.— PbSb.S,  or  PbS.Sb.S,  =  Sulphur  22*3,  antimony  41-8,  lead  35-9  = 
100.     Arsenic  sunietiines  replaces  part  ol  the  antimony. 

Pyr.,  etc. — Decrepiiuies  aud  fuses  very  eusily;  iu  the  closed  tube  gives  a  faini  subli- 
mate of  sulphur,  and  aiitiinoo^'  trisulpbide.  In  the  opeu  tube  sulphurous  fuuies  and  a 
'While  sublimate  of  oxide  of  auiimoDy;  ihe  arseuical  variirty  gives  also  arseDicnl  fun.es.  Od 
charcoal  is  almost  eutirely  volaiilized.  giviug  a  coatiug  which  on  the  ouier  ciige  in  \vhi:e. 
and  uear  the  abS:iy  dark  yellow;  uitii  soda  iu  U.F.  yields  globules  ot  lea<l.  Soluble  in  hot 
hydrochloric  acid  wiih  evoluiiou  of  hydrogen  sulphide  aud  separatiou  of  lend  chloride  on 
cooling. 

Obs.— Occurs  at  Wolfsbergin  the  Hai*z:  Kiuzlgthal,  Baden;  Sevier  County.  Aikauj^ns; 
San  Juiiu  Co.,  Colorado. 

Andorite.  A^sS.2PbS.3SbiSs.  In  prismalic.  orthorhombic  crystals.  Color  dark  gray 
to  black.     Froui  PeibObanya.      \Vebntrite  and  Sundtite  belong  here. 

Sartorite.  Sklerokhis  Gtrm.  PbS  As,Ss.  Iu  shnder,  striated  crystals.  6.  =  0  393. 
Color  dark  lead-gray.     Occurs  iu  the  dolomiie  of  the  Binuenthal. 

Empleotite.  Kupferwismuthglanz  Gm-m,  Cui8.Bi,S,.  In  thin  stiiated  prisms. 
G.  =  tt  3-6'5.  Color  grayish  white  to  tiu-white.  Occurs  in  quartz  at  Schwarzenberg  and 
Anuaberg,  6axony. 

Chalcostibite.  Wolfsbergite.  EupferantimoDglanz  Gf)m.  Cu,S  Sb,S,.  In  small  aggre- 
^ted  prisms;  also  flue  granular,  massive.  G.  =  4*75-5'0.  Color  between  lend-gniy  and 
frou-gi-ay.     From  V\  olfsberg  in  llie  Harz.     Owjnrite  from  Spain  is  the  .•-ame  species. 

Oalenobisiratite.  PbS.Bi,Ss:  also  with  Agdi.  Ciystalline  columnar  to  compact. 
Color  leid  gniy  u>  tin-white.  G.  =  6'9  Fron»  Ncitlmark,  Sweden;  P<.ughkeepsie  Gulch, 
Colorado  la/ajT/t^atte,  argentiferou.<i);  Falun,  Sweden  (K.'itnifcrous). 

Berthierite.  Probably  FeS  Sb.Ss.  Fibrous  massive,  granular.  G.  =  40.  Color  dark 
steel-gray.     From  Cuazelles  and  Martouret,  Auvergue;  Brftunsdorf,  Saxony,  etc. 

Matildite.  A«/«S.BisSs.  In  slender,  prismalic  crystals.  G.  =  6*9  Color  gray. 
From  Morochoca.  Peru;  Lake  City,  Colorado.  Plenargtkitb.  from  Schapbaeh,  Baden, 
has  probably  the  same  composition  and  may  be  identicul. 


Miargyrite.  Ag,S.Sb,8s.  In  complex  monoclinic  crystals,  also  massive.  H.  =  2-25. 
G.  =  51-5  30.  Luster  metallic-adamnntine  C<»lor  iroD-bhick  to  steel-grny.  in  thin  pplin- 
tsrs  deep  blood-red  Streak  cherry-red.  From  BrUunsdorf,  Saxony;  FelsObanya;  Piibram, 
Bohemia;  Clausthal.  etc. 

Lorandite.  A  sulpharsenide  of  thallium,  TlAsS,.  Monoclinic.  Color  cochineal- red. 
From  Allchar.  Macedonia. 


C.  Intermediate  Division. 


Plagionite.  Perhap^o  5PbS.4S'>,8s.  Crystals  thick  tabular,  monoclinic;  also  massive^ 
granular  to  compact.     G.  =  5  4      Color  blackish  lead-gray.     From  Wolfsberg,  etc. 

Schirmerite.  3(ALvPb)8.2Bi,8r  Massive,  granular.  G.  =  6*74.  Color  lead-gray. 
Treasury  lode.  Park  Co.,  Colorado. 

Klaprotholite.  SCutS  Bi,Si.  In  furrowed  prismatic  crystals.  G.  =  4  6.  Color  steel- 
gray.     Witlichen.  Baden. 

Binnite.  Perhaps  aCua8.2As*Ss  Isometric- tetrahedral;  also  masj^ive.  G.  =  4  477. 
Color  dark  steel-gray  to  iron-black.     From  the  dolomite  of  riie  Binnenihal. 

Warrenite.  Domingite.  3P8  2Sb,8».  In  wool-like  aggregates  of  acicular  crystals. 
Color  grayish  black.     Gunnison  Co.,  Colorado. 


Jamesonite  Group.      2RS.A8,S,,  2RS  Sb,S„  etc.      Orthorhombic.      Pris- 
matic angle  about  80°. 

JAMESONITI!. 

Orthorhombic.  Axes:  «  :  J  =  0*8915  : 1.  mm'"  =  78°  40'.  In  acicular 
crvRtals;  common  in  capillary  tornis;  also  fibrous  massive,  parallel  or  divergent;, 
compact  massive. 


SULPHO-SAXIS.  S09 

CleaTage:  basal,  perfect;  6,  m  less  so.  Fracture  nneren  to  conchoidaU 
BrittJe.  ft.  =  2-3.  G.  =  5-5-0-0,  Laster  metallic.  Color  steel-gruy  to  dark 
lead-grav.     Streak  grajrish  black.     Opaque. 

OaMp.— Pb.Sb.S.  or •iPbS.Sb.S,  =  Sulpbur  19-T, antimony  29'5, lead  508  = 
100.  Most  vsirieties  sbow  a  little  iron  (1  to  3  p.  c),  and  some  contain  also 
silver,  copper,  and  zinc. 

Pyr. — Same  as  for  zinkenite.  p.  307. 

Obs.— Ckx-urs  principally  iu  CoihwhII;  also  in  Siberia;  Huugary;  at  Va]etttia<rA)catitani 
in  8)>aiu;  at  Uie  autiuiony  luiues  iu  Sevier  Co.,  Arkansas.  Named  after  Piof.  Kobert 
Jaini'suu  of  £(liubur<:h  41774-1854  . 

The  fMtiur  ort  <Federerz  Qerm.)  occurs  at  Wolfsberg,  etc,  iu  the  Hart;  Freiberg, 
Scheniniiz;  in  Tuscan  v.  near  Botliuo. 

Dnfrenoysite.  2PbS.As..Sa.  In  higlily  modified  orthorhombic  crr^tals;  a)8i>  massive. 
Cleavage :  c  perfect.  H.  =3.  G.  =  5*55-5*57.  Cok)r  blackish  lead-gray.  From  the  Bin- 
nenthal,  Switzerland,  in  dolomite 

Rathite.     a  sulpharseniie  of  lead  resembling  dufrenoysite.    From  the  Binnenthal. 

CosaHte.  *JPbS.Bi«8*.  Usually  massive,  fibrous  or  radiated.  G.  =  6'3»-«*75.  Color 
lead-  or  steel-gray.  C«>sala,  Province  of  Siualoa,  Mexico;  BJelke  mine  (^^f^Aili),  Nord* 
mark,  Swedeu;  Colorado. 


Kobellite.    2PbS.(Bi,Sb),8s.    Fibrous  radiated  or  granular  maasiTe.    G.  =  6*8.    Color 
lead-gray  to  steel-gray.     From  Hvena,  Swedeu;  Ouray,  Colorado. 

Brongniardite.     PbS.AgtS.Sb«8t.     In  isometric  octnhedrous  and  massive.     G.  =  5*950. 
Color  gniyisU  black.     From  Mexico. 

Semseyite.     Near  jamesouite.   perha]>s  7PbS.8SbtSt.      In   small  tabular    mouocliuic- 
crysials.     6.  =  5*93.     Color  gray.     Froui  Fels0b4nya,  Hungary. 

Schapbachite.     PhS.AgsS.BisSs.     In  ncicnlar  crystals  and  granular  massive.     G.  ax 
6*43.     Color  lead-gray,    from  Schapbach,  Baden. 


Monoclinic.  Axes  a\%\t-  0-5871  :  1  :  0-9277;  fi  =  87°  46'.  Habit  pris- 
matic. G.  =  6  2-6*4.  Luster  metallic.  Color  and  streak  light  steel-gray 
inclining  to  silver-white,  also  to  blackish  lead-gmy. 

Comp.— (Pb,Ag,).Sb,S    or  5(Pb,AgJS.2Sb,S.. 

Obs.  — From  the  HimmelsfUrst  mine,  at  Freiberg,  Snxony;  Kapnik,  Hungary;  FelsO- 
b&Dya;  Hiendelencina,  Sptdu;  also  fnim  the  Augusta  Ml.,  Gunnisou  Co..  Colorado. 

Diaphorite.  Like  freieslebenite  in  composition  but  orthorhombic  in  form.  G.  =  5*9*. 
From  Pribram,  Bohemia. 

BOULANGBRITXI. 

Ortborhoinbic.  In  crystalline  pinmose  masses;  granular,  compact.  IT.  = 
2'5-3.  G.  =  5  75-6'0.  Luster  metallic.  Color  bluish  lead-gray;  often  covered 
with  vellow  spots  from  oxidation.     Opaque. 

Comp.— Pb.Sb^S,,  or  5PbS.2Sb,S,  =  Sulphur  IS'O,  antimony  25-7,  lead 
65-4  =  100. 

Pyr. — Snme  ns  for  zinkenite,  p.  807. 

Obs.— Moli^res  Depiirt.  du  Gard.  Franco;  at  Nerchinsk;  Wolfslwrg  In  the  Harz;. 
Pfibmm.  Bohemia:  noir  Bottino  Tuscany;  Eclu)  District,  Union  county,  Nevnda. 

Embrithite  and  plumbasiib  are  from  Nerchinsk:  they  correspond  nearly  to  lOPbS.SSbtSt,. 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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D.  Ortho-  Division.    SBS.As.S.,  3RS.Sb,S.,  etc. 
Boumonite  Group.     Orthorhombic.     Prismatic  angle  86^  to  87' 

BOURNONITB.    Rftdelerz  Oerm.    Wheel  Ore. 
Orthorhombic.    Axes:  d:l:t  —  0*9380  :  1  :  0-8969. 


mm"\  no  A  110 
CO,       001  A  101 

624. 


86' 20' 
43-  43' 


en,  001  A  Oil 
cti,  001  A  112 


41'*  53' 
38'  15' 


626. 


626. 


Harz. 


Nagydg. 


Twins:  tw.  pi.  m,  often  repeated,  forming  cruciform  and  wheel  shaped 
crystals.    Also  massive;  granular,  compact. 

Cleavage :  h  invperfect ;  a,  c  less  distinct.  Fracture  subconchoidal  to  uneven. 
Bather  brittle.  H.  =  2*5-3.  G.  =  5-7-5'9.  Luster  metallic,  brilliant.  Color 
and  streak  steel-gray,  inclining  to  blackish  lead-gray  or  iron-black.     Opaque. 

Comp.— (Pb,Cu,),Sb,S,  or  3{Pb,Cu,)S.Sb,S,  =  PbCuSbS,  (if  Pb  :  Cu,  = 
2:1)  =  Sulphur  19*8,  antimony  247,  lead  425,  copper  130  =  100. 

Pyr.,  etc. — Id  tbe  closed  tube  decrepitiites.  and  gives  n  dark  red  sublimate.  In  tbe  open 
tube  gives  sulphur  dioxide,  and  a  white  sublimate  of  oxide  of  niitimony.  B.B.  on  charcoal 
fuses  easily,  mid  at  first  coats  tbe  coal  white;  contiuued  blowing  gives  a  yellow  coating  of 
lead  oxide;  tbe  residue,  treated  with  soda  in  R.F.,  gives  a  globule  of  copper.  Decomposed 
by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
powder  containing  antimony  and  lead. 

Obs. — From  Neudorf  in  the  Harz;  also  Wolfsberg.  Clausthnl,  and  Andreasberg;  Pribram. 
Bohemia;  Kapuik,  Hungary;  Endellion  at  Wheal  Boys,  Cornwall;  in  Mexico;  HuascoAlto, 
Chili. 

In  the  U.  S..  at  the  Boggs  mine,  Tavapai  Co.,  Arizona;  also  Montgomery  Co  ,  Arkansas; 
reported  from  San  Juan  Co.,  Colorado.  In  Canada,  in  the  township  of  Marmora,  Hastings 
Co.,  and* Darling,  Lanark  Co..  Ontario. 

Aildnite.  8(Pb,Cu,)S.Bi,Ss.  Acicular  crystals;  also  massive.  G.  =  61-6*8.  Color 
blackish  lead-gray.    From  Berezov  near  Ekaterinburg,  Urals. 

Wittichenite.  SCuaS.BisSs.  Rarely  in  crystals  resembling  boumonite;  also  massive. 
G.  =  4-6.     Color  steel-gray  or  tin-white.    Williclien.  Baden,  etc. 

Stylot3rpite.  3(Cus,Agi,Fe)S.Sbj8i.  In  orthorhombic  crystals,  in  cruciform  twins  like 
boumonite.    G.  =  4*79.     Color  iron-black.     Copiapo.  Chili. 


Lillianite.     SPbS.BiSbSs  and  SPbS.BiaSs.     Massive,   crystalline.     Color  steel-gray. 
Hvena,  Sweden:  Leadville,  Colorado  (argentiferous). 

Guitemanite.     Perhaps  SPbS.AsaSs.     Massive,  compact.     G.  =  594.     Color  bluish 
gray.     Zuiii  mine,  Silverton,  Colorado. 

Tapalpite.    A  sulpbo-telluride  of  bismuth  and  silver,  perhaps  3Ag3(S,Te).Bit(S,Te)t. 
Massive,  granular.    G.  =  7*80.    Sierra  de  Tapalpa,  Jalisco,  Mexico. 
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Pyrargyrite  Group.     Rhonibohedral-hemimorphic. 

PTRARGYMTB.     Ruby  Silver  Ore.     Dark  Red  Silver  Ore.     Daukles  UotbgUlligerz, 
Autimousilberbleude  Oerm, 

Rhombohedral-hemiraorphic.    Axis:  i  =  0  7892;  0001  A  lOll  =  4^^  20^'. 


ee\   0112  A  1012  =  42'  5' 
rr\   lOil  A  ilOl  =  71"  22' 

627. 


628. 


w',  2lSl  A  2;jil  =  74^  25' 
OT^  2181  A  3121  =  SS**  12' 

629. 


Crystals  commonly  prismatic.  Twins:  tw.  pi.  a,  very  common,  the  axes  d 
parallel;  u  (1014),  also  common.     Also  massive,  compact. 

Cleavage:  r  distinct;  6  imperfect.  Fracture  conchoid al  to  uneven.  Brittle. 
H.  =  2  5.  G.  =  577-5*86;  5*85  if  pure.  Luster  metallic-adamantine.  Color 
black  to  grayish  black,  by  transmitted  light  deep  red.  Streak  purplish  red. 
Nearly  opaque,  but  transparent  in  very  thin  splinters.  Optically  — .  Refractive 
indices,  od  =  3*084,  e  =  2*881  Fizeau. 

Comp.— Ag.SbS,  or  3Ag,S.Sb,S,  =  Sulphur  178,  antimony  22*3,  silver  59*9 
=  100.     Some  varieties  contain  small  amounts  of  arsenic. 

Pyr.,  etc. — Id  tbe  closed  tube  fuses  and  gives  a  reddisb  sublimate  of  aDtimoDy  ozysul- 
phide;  in  tbc  open  tube  sulphurous  fumes  und  a  white  sublimate  of  oxide  of  antimony. 
B.B.  on  clmrconl  fuses  with  spirting  to  a  globule,  conts  the  coal  white,  and  the  assay  is 
converted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  R.F.,  gives  a  globule 
of  silver.  In  case  arsenic  is  presc>nt  it  may  be  detected  by  fusing  the  pulverized  mineral 
with  soda  on  charcoal  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulphur 
and  of  antimony  trioxide. 

Obs. — Occurs  at  Andreasberg  in  the  Harz;  Freiberg,  Saxony;  Pribram,  Bohemia; 
Schemnitz.  etc.,  Hungary;  Kongsberg,  Norway:  Gaudnlcanal,  Spain;  in  Cornwall.  In 
Mexico  it  is  worked  at  Guanajuato  and  elsewhere  as  an  ore  of  silver.  In  Chili  with  proust- 
ite  at  Chafiurcillo  near  Copiapo. 

In  Colorado,  not  uncommon;  thus  in  Ruby  district,  Gunnison  Co.:  with  sphalerite  in 
Sneffle's  distr  ,  Ouray  Co.,  etc.  In  Nevada,  at  Washoe  in  Daney  Mine;  about  Austin, 
Reese  river;  at  Poorman  lode.  Idaho,  in  masses  with  cerargyrite.  In  New  Mexico,  Utah, 
and  Arizona  wiih  silver  ores  at  various  points. 

Named  from  nvp.fire,  and  afjyvpoi,  silver,  in  allusion  to  the  color. 

PROU8TITE.  Ruby  Silver  Ore.  Light  Red  Silver  Ore.  Lichtes  Rothgttltigerz. 
Arsensilberblende  Oerm, 

Rhombohedral-hemimorphic.     Axis  6  =  0*8039 ;  0001 A  lOll  =  42**  63'. 

ee\  0112  A  i012  =  42"  46'  ««',  2l3l  A  2811  =  74"  89* 

rr\  1011  A  ilOl  =  72*  12'  w\  2l3l  a  8i21  =  35'  18' 

Crystals  often  acute  rhombohedral  or  scalenohedral.  TwiDs:  tw.  pL 
w  (10l4)  and  r.    Also  massive,  compact.  .  ., 
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Cleavage:  r  distinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  2-2'5. 
G.  =  5*57-5  64;  5*57  if  pure.  Luster  adamantine.  Color  scarlet- vermilion; 
streak  same,  also  inclined  to  aurora-red.  Transparent  to  trauslucent.  Op- 
tically negative.     Double  refraction  strong,     co^  =  2*979. 

Comp. — AgjAsS,  or  3Ag,S.A8,S,  =  Sulphur  19'4,  arsenic  15*2,  silver  65*4 
=  100. 

Pyr.,  etc. — Id  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arseuic  tri- 
sulpbide;  in  the  open  tube  sulphurous  fumes  and  a  white  crystulliue  sublimate  of  ui*seoic 
trioxide.  B.B.  on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  with  sodu  in 
R.F.  gives  a  globule  of  silver.     Decomposed  by  nitric  acid,  wiih  separation  of  sulphur. 

Oba. — Occurs  at  Freiberg,  Johanngeorgenstadt,  etc.,  in  Saxony;  Joachimsthal,  Bohemia;. 
ChaltiDc:<es  in  Dauphine;  Quadalcaual  in  Spain;  iu  Mexico;  Peru;  Chili,  at  Oha&arcillo  iu 
magniticent  crystailizniions. 

In  Colorado,  Ruby  distr.,  Gunnison  Co.;  Sheridan  mine,  San  Miguel  Co.;  Yankee  Girl 
mine,  Ouray  Co.  In  Arizona,  with  silver  ores  at  vaiious  points.  In  Nevada,  in  the  Daney 
mine,  and  in  Comstock  lode,  rare;  Idaho,  at  the  Poorman  lode. 

Named  after  the  French  chemist,  J.  L.  Proust  (1755-18.i6). 

Sanguinite.  Near  proustite  in  composition.  In  glitteiing  scales,  hexagonal  or  rhombo> 
hedral.     From  Chanarcillo,  Chili. 

Falkenhaynite.  Perhaps  SCutS.SbsSs.  Massive,  resembling  galena.  From  Joachims- 
thal, Bohemia. 

Pyroatilpnite.  Like  pyrargyrite,  8AgtS  Sb«Ss.  In  tufts  of  slender  (monoclinic)  crys- 
tals.   G.  =4-25.    Color  hyacinth-red.    From  Audreasbsrg  in  the  Harz;  Freiberg;  Pribram. 

Rittingerite.  Contains  arsenic,  selenium,  and  silver.  In  small  tabular  crystals.. 
G.  =  5*68.  Color  blackish  brown  to  iron  black;  hyacinth-red  by  transmitted  light,  btreak 
orange-yellow.    From  Chafiarcillo,  Chili. 


E.  Basic  Division. 
Tetrahedrite  Group.     Isometric-tetrahedral. 


Gray  Copper  Ore.     Fahlerz  Germ, 

Isometric-tetrahedral.  Habit  tetrabedral.  Twins:  tw.  pi.  o;  also  with 
parallel  axes  (Fig.  354^  p.  121,  Fig.  370,  p.  124).  Also  massive;  granular^ 
•coarse  or  fine;  compact. 


630. 


631. 


632. 


Cleavage  none.  Fracture  snbconchoidal  to  uneven.  Ratber  brittle. 
H.  =  :^-4.  G.  =  4-4-51.  Luster  metallic,  often  splendent.  Color  betweeu 
flint  gray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
and  cherry-red.     Opaque;  sometimes  subtranslucent  (cherry-red)  in  very  thin 

splinters. 

•      Comp.,  Tar.— Essentially  Cu.Sb.S,  or  4Cu,S.Sb,S,  =  Sulphur  23-1,  antL- 

mouy  24-8,  copper  521  =  100. 
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Antimony  and  arsenic  are  usually  both  present  and  thus  tetrahedrite  graduates  into  the 
allied  species  teuiiaiitite.  There  are  also  varieties  containing  bisniutli,  cLietly  at  the 
arsenical  end  of  the  series.  Fuither  the  copper  may  be  replaced  by  iron,  zinc,  silver, 
mercury,  lead,  and  rarely  cobalt  and  nickel. 

Var.— Ordi/mry.  Contains  little  or  no  silver.  Color  steel-gray  to  dark  gray  and  iron- 
black.     G.  =  4  75-4  9. 

ArgentiferouB;  Freibeigite,  Weissgiltigerz  Oerm.  Contains  3  to  30  p.  c.  of  silver.  Color 
usually  sleel-gniy,  lighter  than  the  ordinary  varieties;  sonieiimes  iron-biack;  streak  ofteD 
reddish.     G.  =  4-85-50. 

Mercurial;  ik/iwaUtfe.  Contains  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  iron- 
black.     Luster  often  dull.     G.  =  510  chiefly. 

Malifwwskite,  from  Peru  and  a  similar  variety  from  Arizjna,  contain  13-16  p.  c.  of  had. 

Pyr.,  etc. — Differ  in  the  different  varieties.  In  the  cloi^ed  tube  all  tl  e  antimonial  kinds 
fuse  and  give  a  dark  red  subliniaie  of  antimony  ox>'Sui|  hide;  if  much  arsenic  is  present,  a 
sublimate  of  arsenic  trisulpliide  Urst  forms.  In  the  open  tube  fuses,  gives  si.lphurous  fumes 
and  a  white  subiiiitate  of  antimony  oxide:  if  arsenic  is  piesent.  a  crystalline  volatile  subli- 
mate condenses  with  tiie  antimony;  if  the  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B  B.  on  charcoal  fuses,  gives  a  coating  of  the  oxides  of  antimony  and 
sometimes  arsenic,  zinc,  anil  lead;  arsenic  is  detected  by  the  odor  i^  hen  tlie  coaling  is  treated 
in  R.F.  The  roasted  mineral  gives  with  the  fluxes  reaitions  for  iron  and  copper;  with  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  with  separation  of  sulphur 
and  antimony  trioxide. 

Diff. — Distinguished  by  its  form,  when  crystallized,  by  lis  deep  black  color  on  fracture 
and  brilliant  metallic  luster.  It  is  harder  than  bournoLite  and  much  softer  than  magnethe; 
the  blowpipe  characters  are  usually  distinctive. 

Oba.— Often  associated  with  chalcopyrite,  pyrite,  splalerite.  galena,  and  various  other 
silver,  lead,  and  copper  ores;  also  siderite.  Occurs  at  many  Cornish  mines;  thus  at  the 
Herodsfoot  mine.  Liskeard.  in  tetrahedral  crystals  often  coated  ^^iih  iiidescent  chah  opyiite; 
the  Levant  mine  near  St.  Just.  From  Andieasberg  ai  d  Clausthal  in  the  Harz;  Freberg, 
Saxony;  Dillenburg  and  Horhausen  in  Nassau;  at  Mtl>en;  various  mii.es  in  the  Black 
Forest;  Pribram.  Bohemia;  Eogel  near  Brixleggin  Tyrol;  Kapnik.  Herrengruud.  Hungary. 
In  Mexico,  at  Durango.  Guanajuato;  Chili;  Bolivia,  etc.  The  orgentijei ov»  variety  occurs 
especially  at  Freiberg;  Pfibram;  Huallanca  in  Peru,  and  elsewhere.  1  he  iw^r^t^n'al  variety 
at  SchmOlnitz.  Hungary;  ^hv^atz,  Tyrol;   valleys  of  Angina  and  Castello,  Tuscany. 

In  the  U.  8  ,  tetrahedrite  occurs  at  the  Kellogg  mines,  Aikan^aa.  Id  Colonido,  in  Clear 
Creek  and  Summit  Cos.;  the  Ulay  mine.  Lake  Co.;  witii  pyrargyrite  in  Ruby  district, 
Gunnison  Co.,  etc.  Much  of  the  Colorado  "grav  copper"  is  tennaDtite  (see  below).  In 
Nevada,  abundant  in  Hunilioldt  Co.;  near  Austin  in  Lander  Co.;  It^abella  mine,  Reese 
river.    In  Arizona  at  the  HeintzelmaD  mine;  at  various  points  in  British  Columbia. 

TENNANTITB. 

Isometric-tctrahedral.  Crystals  often  dode^ahedral.  Also  massive,  com* 
pact.     H.  =  3-4.     G.  =  4*37-4'49.     Color  blackish  lead -gray  to  iron-black. 

Comp.— Essentially  Cu.As.S,  or  4Cu,S.As,S,  =  Sulphur  25*5,  arsenic  17*0, 
copper  57*5  =  100. 

Var.— Often  rr>ntaiM8  antimony  and  thus  graduates  into  tetrahedrite.  The  original  ten- 
nantite  fn)m  Cnrnwnll  contains  only  copper  and  iron.     In  crystals,  habit  dodecahedral. 

SandJbergeriU'.  Kupfrrblsnde  Oerm  ,  contaius  7  p.  c.  of  zinc.  Fredrieite  from  Sweden  has, 
besides  copper.  nI^)  iron,  lend,  silver,  and  tin. 

Found  at  th*»  Cornish  mlnps.  particularly  at  Wheal  Jewel  in  Gwennap,  and  Wheal  Unity 
in  Gwinear:  at  F  eil»er/  ( KupferUende):  at  'he  Wilhelmine  mine  in  the  Spessart:  Skutlenid, 
Norway.  Near  (Vntral  Citv  and  elsewhere  in  Colorado  At  Capelton,  Pr.  Quebec,  Canada. 
Named  after  the  chemist,  dmithson  Tennant  (1761-1815).     See  further  above. 


Jordanite.  4PbS.Ai4Sa.  Monocllnic:  often  pseudohexagonal  by  twinning.  G.  =  6-8©. 
Color  lead-ffray.     Fn»m  the  Biimenthal;  Nagy&g,  Transylvania. 

Meneghinite.  4P1>S  ShsSt.  Ortliorhombio  In  slender  prismatic  crystals;  also  missive. 
G.  =  6  34-6-43.  Color  blackish  lead-gray.  From  Bottino,  Tuscany;  Marble  L;ike.  Barrie 
ownship,  Ontario. 
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STEPHANmi.    MelaDglanz  Qerm,    Brittle  Silver  Ore. 
Orthorhombic.     Axes  d\l\k=^  0-6292  :  1  :  0  6851. 

wm",  110  A  liO  =  W  21'  cd.  001  A  021  =  53'  52' 
cfi,  001  A  101  =  47'*  26'  ch,  001  A  112  =  SS"  45' 
ek,        001  A  Oil  =  34'  25'       cP,  001  A  HI  =  52*'    9' 

Crystals  usually  short  prismatic  or  tabular  ||  i   Twins : 

tw.   pi.    m,    often    repeated,    pseudo- hexagonal.     Also 

massive,  compact  and  disseminated. 

Cleavage :  J,  d  imperfect.    Fracture  subconchoidal  to  uneven.    Brittle.    H. 

=  2-2-5.  G.  =  6'2-6*3.  Luster  metallic.   Color  and  streak  iron-black.  Opaque. 

Comp.— Ag.SbS,  or  5Ag,S.Sb,S,  =  Sulphur  16*3,  antimony  15*2,  silver  68-5 

=  100. 

Pyr. — In  the  closed  tube  decrepitates,  fuses,  and  after  long  heating  gives  a  faint 
sublimate  of  antimony  oxysulphide.  In  the  open  tiilie  fuses,  giving  off  antimouial  and 
sulphurous  fumes.  B.B.  on  charcoal  fuses  with  projection  of  small  particles,  coats  the  coal 
with  oxide  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and 
a  globule  of  metallic  silver  is  obtained.  Soluble  in  dilute  heated  nitric  acid,  sulphur  and 
antimony  trioxide  being  deposited. 

Obs.— In  veins,  with  other  silver  ores,  at  Freiberg,  Schneeberg,  etc.,  in  Saxony;  Pribram, 
Bohemia;  Schemnilz,  Hungary;  Andreasberg  in  the  Harz;  Kongsberg,  Norway;  Wheal 
Newton.  Cornwall;  Mexico;  Peru;  Chaiiarcillo,  Chili. 

In  Nevada,  in  the  Comstock  lode,  Reese  river,  etc.  In  Idaho,  at  the  silver  mines  at 
Yankee  Fork,  Queen's  Uiver  district. 

Named  after  the  Aichduke  Stephan,  Mining  Director  of  Austria. 

Geocronite.  5PbS.Sb«Ss.  Rarely  in  orthorhombic  crystals;  usually  massive,  granular. 
G.  =  6*4.     Color  lead-gray.     From  Sala,  Sweden,  etc. 


Beegerite.    6PbS.6i,Ss.    Massive,  indistinctly  crystallized.    G.  =  7*27.    Color  light  to 
dark  gmy.     From  Park  Co.,  Colorado. 

Kilbrickenite.    Perhaps  6PbS.Sb,Si.    Massive.     G.  =  6*41.    Color  lead-gray.    From 
Kilbrickeu,  Co.  Clare,  Ireland. 


Polybasite  Group.     9RS,.As,S,,  9RS.Sb,S,.     Monoclinic,  pseudo- 

rhombohedral. 

POLTBA8ITB.     SprOdglaserz,  Eugenglanz  Germ. 

Monoclinic.  Axes  a  :  ^  :  <J  =  1-7309  :  1  :  1-5796,  /?  =  90°  0'.  Prismatic 
angle  60°  2'.  In  short  six-sided  tabular  prisms,  with  beveled  edges;  c  faces  with 
triangular  striations;  in  part  repeated  twins,  tw.  pi.  m. 

Cleavage  :  o  imperfect.  Fracture  uneven.  H.  =  2-3.  G.  =  6  0-6'2. 
Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak  black. 
Nearly  opaque. 

Comp.-Ag,SbS,  or  9Ag,S.Sb,S,  =  Sulphur  15-0,  antimony  9*4,  silver  75-6 
=  100.    Part  of  the  silver  is  replaced  by  copper;  also  the  arsenic  by  antimony. 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenic  trioxide.  B.B.  fuses 
with  spirting  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  coal  with 
antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white 
coating  of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for 
copper,  and  cupelled  with  lead  gives  pure  silver.     Decomposed  by  nitric  acid. 

Obs.— Occurs  in  the  mines  of  Guanajuato,  Mexico;  at  Tres  Puntos,  desert  of  Atacama; 
at  Freiberg  and  Pribram.  In  Nevada,  at  the  Heeso  mines  and  at  the  Comstock  Lode.  In 
Colorado,  at  the  Terrible  Lode,  Clear  Creek  Co.    In  Arizona,  at  the  Silver  King  mine.     * 
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Named  from  JCoXt}?,  many,  and  /Sdati,  base,  in  alludon  to  the  basic  character  of  the 
compouod. 

Pearceite.    OAgaS.AssSs.    Monocliuic,  pseudo-rhombohedral.   From  Aspen,  Colorado; 
Marysville,  Lewis  and  Clarke  Co.,  Montana. 


Polyargyrite.     12Ag9S.Sb«S8.  ^  In  indistinct  isometric  crystals.     G.  =  6*07,     Color 
iron-black.    Wolfach,  fiaden. 


II.  Sulpharsenates,  Sulphantixnonates ;  Sulpho-stannates,  etc. 

Here  are  iucluded  a  few  minerals,  chiefly  sulpho-salts  of  quantivalent 
arsenic  and  antimony;  also  several  sulpho-stannates  and  rare  salpho-germau- 
ates. 

ENARGITB. 

Orthorhombic.     Axes:  &:h:i  =  0-8711  :  1  :  0-8248. 

Crystals  usually  small ;  prismatic  faces  vertically  striated.  Twins:  tw.^  pi. 
X  (320)  in  star-shaped  trillings.    Also  massive,  granular,  or  columnar. 

Cleavage:  m  perfect;  a,  h  distinct;  c  indistinct.  Fracture  uneven.  Brittle. 
H.  =  3.  5.  =  4*43-4 -45.  Luster  metallic.  Color  grayish  black  to  iron-black. 
Streak  grayish  black.     Opaque.  ^ 

Comp. — Cu,AsS^  or  3Cu,S.As,Sj  =  Sulphur  32*6,  arsenic  19'1,  copper  483 
=  100.     Antimony  is  often  present,  cf.  famatinite. 

Pyr. — In  the  closed  tube  decrepitates,  and  gives  a  sublimate  of  sulphur;  at  a  higher 
temperature  fuses,  and  ^ives  u  sublimate  of  sulphide  of  arsenic.  In  the  open  tube,  heated 
gently,  the  powdered  mineral  gives  off  sulphurous  and  arsenical  fumes,  the  latter  condensing 
to  a  sublimate  containing  some  antimony  oxide.  B.B.  on  charcoal  fuses,  and  gives  a 
faint  coating  of  the  oxides  of  arsenic,  antimony,  and  zinc;  the  roasted  mineral  with  the 
fluxes  gives  a  globule  of  metallic  copper.     Soluble  in  aqua  regia. 

Obs— From  Morococlia,  Cordillei*as  of  Peru;  in  Chili  and  Argentina;  Mexico;  Matzen- 
k5pfl,  Brixlegg,  Tyrol;  Mancayan.  island  of  Luzon. 

Ill  ilie  U.  S.,  nt  Brewer's  gold  mine,  Chesterfield  dfst.,  8.  Carolina;  in  Colorado,  at 
mines  near  Central  City,  Gilpin  Co.;  in  Park  Co.,  at  the  MissouH  mine,  etc.  In  southern 
Utah:  also  in  the  Tintic  district;  near  Butte,  Montana. 

Clarite.     Perhaps  identical  with  enargite.    From  the  Clara  mine,  Schapbach,  Baden. 

LiJzoNiTE.  Composition  of  enargite,  but  supposed  to  differ  in  crystallization.  Massive. 
O.  =  442.     Color  steel-gray.     From  the  island  of  Luzon. 

Famatinite.  dCuiS-SbaS*.  i  amorphous  with  enargite.  G.  =  4*57.  Color  gray  with 
tinge  of  copper-red.     From  the  Sierra  de  Famatina,  Argentina. 


Zanthoconite.— SAgsS.As^Sft.    In  thin  tabular  rhombohedral  crystals;  also  massive, 
reuiform.     G.  =  5.     Color  orange-yellow.     From  Freiberg. 

Epiboulangerite. — 3PbS.Sb,Ss.     In  striated  prismatic  needles  and  granular.     G.  =  6'3L 
Color  (lark  bluish  gray  to  black.     From  Altenberg. 

Epigenite.— Perhaps  4CUy8.3Fe8.A8,S».      In  short   prisms  resembling  arsenopyrite. 
Color  sicel-gray.     From  Wittichen,  Baden. 


STANNTTB.    Tin  Pvriles.    Bell-metal  Ore.    Zinnkies  Oerm, 
Isometric-tetrahedral.     Massive,  granular,  and  disseminated. 
Cleavage:  cubic,  indistinct.   Fracture  uneven.    Brittle.   H.  =  4.   G.  =  4*3- 
4*522;  4-506  Zinnwald.     Luster  metallic.     Streak  blackish.  ^  Color  steel-gray 
to  iron-black,  the  former  when  pure;  sometimes  a  bluish  tarnish;  often  yellow- 
ish from  the  presence  of  chalcopyrite.     Opaque. 
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Comp. — A  sulpho-staiinate  of  copper,  iron  and  eometimee  zinc,  Cu,FeSnS, 
or  Cu.S.FeS.SiiS,  =  Sulphur  299,  tin  27-5,  copper  29*5,  iron  13-1  =  100. 

Pyr.»  etc. — lu  the  closed  tube  decrepitates,  and  gives  a  faint  sublimate;  in  the  open 
tube  sulphurous  fumes.  B.B.  on  cliarcotil  fuses  to  a  globule,  which  in  O  h\  gives  off 
sulphur,  and  coats  the  coal  with  tin  dioxide;  the  roasted  uiineral  treated  with  borax  gives 
reactions  for  iron  and  copper.  Decomposed  by  nitric  acid,  affording  a  blue  solution,  with 
separation  of  sulphur  and  tin  dioxide. 

Obs.— Formerly  found  at  Wheal  Rock,  Cornwall:  and  at  Cam  Breii:  more  recently  iu 
granite  at  Si  Michael's  Mount;  also  at  iStenna  Owynn,  etc.;  at  the  Cronebane  mine,  Co. 
Wicklow.  iu  Ireland;  Ziuuwald,  in  the  Erzgebirge.     From  the  Black  Hills,  So.  Dakota. 

Argyrodite.  A  silver  sulpho-germanate,  AgtGcS«  or  4Aff,8.6eS,.  Isometric,  crystals 
usually  indistinct;  also  massive,  compact.  H.  =  2*5.  G.  =  6'085-6-lll.  Luster  metallic 
Colrr  steel-gray  on  a  fresh  fracture,  with  a  tinge  of  red  turning  to  violet.  From  the 
HimmelsfQrHt  mine,  Freiberg,  Saxony. 

Canfieldita.  Ag«SDS«  or  4Ag,S.8nS,,  the  tin  in  part  replaced  by  germanium.  Isometric, 
perha|)stetrahedral;  in  octahedrons  with  d  (110).  O.  =  6*28.  Luster  metallic.  Color  black. 
La  Paz,  Bolivia. 

Franckeite.  Perhaps  Pb»BbiBntSit,  Groth.  Massive.  G.  =  5*55.  Color  blackish 
gray  to  black.     Bolivia. 

OyUndrite.  Eylindrite.  Perhaps  Pb.Sl>tSiuS,i.  Groth.  H.  » 2'5-a  G.  ^  5*42. 
Luster  metallic.    Color  blackish  lead-gray.    Poop6,  Bolivia. 


HALOIDS.— CHLORIDES,  BROMIDES^  lODIDBS  J    FLUORIDES.  317 


IV.  HALOmS-OHLORIDES,  BROMIDES,  IODIDES; 

FIiUORXDES. 

L  Anhydroiui  Ohlorideii  Bromideti  Iodides ;  Fluoridef. 
IL  Oxychloridei ;  Ozjrfluoridef. 
HL  Hydrous  Ohloridei ;  Hydrous  Fluorides. 

The  Fourth  Class  includes  the  haloids,  that  is,  the  compounds  with  the 
haloeen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 
fluorine. 

L  Anhydrous  Ohlorideti  Bromideti  Iodides ;  Fluorides. 

OAIiOlCIlI*.    Horn  Quicksilver.    Chlorquecksilber,  Queckdlberhomerz  Girtn. 

Tetragonal.  Axis  6  =  1-7229;  001  A  101  =  69^  62'.  Crystals  sometimes 
tabular  |  c;  also  pyramidal;  often  highly  complex. 

Cleavage:  a  rather  distinct;  also  r(lll).  Fracture  conchoidal.  Sectile. 
H.  =  1-2.  G.  =  6*482  Haid.  Luster  adamantine.  Color  white,  yellowish 
gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.    Translucent — subtranslucent.    Optically  +. 

Comp.— Mercurous  chloride,  Hg.Cl,  =  Chlorine  15*1,  mercury  849  =  100. 

Pyr.,  etc.— Iq  the  closed  tube  volatilizes  without  fusion.  condeDsing  in  the  cold  part  of 
4he  tube  as  a  white  sublimate;  with  soda  gives  a  sublimate  of  met-illic  mercury.  B.B.  on 
<;harcoaI  volatilizes,  coatiuir  the  coal  white.  Insoluble  in  water,  but  dissolved  by  aqua  regia; 
blackens  when  treated  with  alkalies. 

Obs. — Usually  associated  with  cinnabar.  Thus  at  Mosr^'ellandsberfl:  in  the  Palatinate; 
at  Idria  in  Cariiiola;  Almaden  in  Spain;  at  Mt.  Avala  near  Belirrade  in  Servia. 

Calomel  is  an  old  term  of  uncertain  origin  and  meaning,  perhaps  from  KaXoi,  beauitfiU, 
and  /i^/U,  Jioney.  the  taste  being  sweet,  and  the  compound  the  Mereuritu  duleii  of  early 
chemistry;  or  from  KaXoi  and  u^Xai,  biaek, 

Nantokite.  Cuprous  chloride,  Cu«C1..  Granular,  massive.  Cleavage  cubic.  H.  =  8- 
13'5.  G.  =  3*93.  Luster  adamantine.  Colorless  to  white  or  grayish.  From  Nantoko, 
Chili;  New  South  Wales. 

Marahita.  Cuproua  iodide^  CuJ*.  Isometrlc-tetrahedral.  Color  oil-brown.  Brokea 
Hill  mhies,  New  South  Wales. 


Halite  Group.    RCl,  RBr,  RI.     Isometric. 

HaUte                            NaCl  EmboUte  Ag(C1,Br) 

Bylvite                           KCl  Bromyrite  AerBr 

Sal  Ammoniae  (NHJCl  lodobromite  Ag(Cl,Br,I) 

Cerargyrite                    AgCl  Uenite  Agl 

The  Halite  Group  iDclndes  the  halogen  componTids  of  the  closely  related 
metals,  sodium,  potassium,  and  silver,  also  ammonium  (NH,).  They  crystallize 
in  the  isometric  system,  the  cabic  form  being  the  most  common.  Sylvite  and 
sal-ammoniac  are  plagihedral,  and  the  same  may  be  true  of  tbe  others. 
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HAUTE.    CouifON  or  Rock  Salt.    Steinsalz,  EJeigsnlz  Germ. 
Isometric.    Usually  in  cubes;  crystals  sometimes  distorted,  or  with  caveni- 
634.  ouB  faces.     Also   massive,  grauular  to   compact;    less 

often  columnar. 

Cleavage:  cubic,  perfect.  Fracture  conchoJdal. 
Bather  brittle.  H.  =  2-5.  G.  =  2'1-2-G;  pure  crystals 
2-135.  Luster  vitreous.  Colorless  or  white,  also  yellow- 
ish, reddish,  bluish,  purplish.  Truiispureut  to  trauslu- 
ceiit.  Soluble;  taste  saline.  Kefractive  index  15442 
Na,     Highly  diathernianoiis. 

Comp.— Sodium    chloride,    NaCI  =  Cliloriue    006, 
sodium   39'4  =  100.     Commonly  miied  with   calcium 
sulphate,    calcium    chloride,  magnesium  chloride,   and 
aometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce. 

Pyr.,  •lo,— 111   ibe   closed   lube  fuses,  often  wIlL  decrepilalbu ;   wbeii   fuaeii  on  the 

Elalinuin  niru  colors  llie  fluine  deep  yellow.  Added  lo  a  salt  of  pboapliunis  bead  wbicb 
ns  been  Mluralcd  wilb  oxide  of  copper.  U  colors  Ilie  flume  a  deep  ozuic-blue.  Dissolves 
readily  iii  three  parts  of  water. 

Difif,— Distlnguisbed  by  its  solubility  (tuste),  softness,  perfect  cubic  clenvugc. 

Obi.— Common  salt  occurs  In  extensive  but  inegulnr  beds  iu  rocks  of  various  oge». 
associated  witb  frypauin,  polylialitc.  onbydrite.  canialTiie.  clay,  saudatciue.  and  calcite;  also 
lo  tolutloD  forramg  salt  springa;  similarly  iu  tbe  water  of  Ibu  oci-aa  and  snlt  seas. 

Tbe  principal  sail  mines  of  Europe  are  at  Slassfun,  near  Hag<leburg;  Wielicika.  In 
Polaud;  nl  H:dl, -JD  Tyrol;  nod  along  tbe  range  Ibrough  Ueicbenllinl  In  Bavaria,  Halleln 
iu  Salzburg,  Hallstiidt,  lacbl.  aud  Ebensee.  in  Upper  Austria,  and  Aus^ee  in  Styria;  in 
Hungary,  ut  Marmoroa  and  elsewbere;  Tran sylvan ia;  Wallacbin.  Galicin,  and  Upper. 
Silesia;  Vic  and  Dieiize  In  France:  Valley  of  Cardona  and  elsewhere  iu  Spiiin;  Bex  In 
Bwitzerlaud;  and  NnrlLwicli  in  Cheshire,  Endand.  At  the  Auatriiin  mines,  wberc  it  con- 
taiua  much  clay,  the  salt  Is  dissolved  in  large  cbanibeni.  and  the  clay  thus  precipitated. 
After  a  lime  ilie  water,  saturated  with  the  suit.  Is  conveyed  by  aqutducis  lo  cvn[iorating 
houses,  and  tbe  chambers,  after  being  cleiircd  out,  are  agnin  filled. 

Salt  also  occurs,  forming  hills  and  covering!  extended  pliiins.  near  Lake  Urumia,  the 
Caspian  Sea,  etc.  In  Alcerin:  in  Abyssinia.  In  India  in  enormous  deposits  iu  the  Salt 
Range  of  tbe  Punjab.  In  Cliina  and  Asinlic  Russia:  In  South  America,  in  Peru,  Hi>d  at 
Zipiuiuera  nnd  Nemocou,  the  former  a  1ari:e  mtnc  long  explore<l  Iu  the  Cordilleras  of  U.  S. 
of  Colombia;  clexr  snlt  is  obt&ined  from  tbe  Cerro  de  Sal.  San  Domingo, 

In  the  United  Stutes,  snlt  lias  been  found  iu  large  amount  in  central  and  western  New 
York.  Sii1t  wells  hiul  long  l>een  worked  In  this  region,  but  rock  salt  is  now  known  lo  exist 
over  a  large  nrea  from  Ilhiica  nl  the  liend  of  Cayiinn  Lake,  Tonipkin.'*  Co.,  and  Cnnnndnigua 
Lake,  Ontnrio  Co.',  through  Livlngstou  Co.,  also  Oenesre,  Wyoming,  and  Erie  Cos.  The 
salt  [s  found  in  l>eds  with  an  avemtre  lliicknesa  of  7S  feet,  but  snoielimes  much  rbickcr.  and 
'  rarying  depths  from  1000  to  SOOO  feet  and  more;  tlie  depth  ini^rcnses  souibwanl  wiib  the 

-'■■--        ""  ■     •   ■  ■■ -" ■•     -  "■■     ■   1      Suit  hns 

„    n  Co.,  West 

1   Kansas;  at  Petite  Anse.  Louisiana: 

insive  beds  of  great  purity:  in  Utah, 

a  Ari7»tia.  on  the  Rio  Vertle,  nitli  Iheuard- 

lie,  etc. ;  iu  Cnliforoia,  San  Diego  Co. 

Brine  springs  arc  very  numerous  iu  the  Middle  and  Western  Slates.  Vast  hikes  of  salt 
water  exist  In  maiiv  part«i  of  the  world.  Tbe  Gronl  Salt  Lake  ill  Utah  is  2.000  square  miles 
In  area;  L.  Gale  found  In  this  water  30196  per  cent,  of  sodium  chloride.  Tlie  Dead  and 
Caspian  seas  nre  solt.  and  llie  wnlers  of  tlie  former  contain  20  to  26  parts  of  solid  matter  in 
100  parts.     Sodium  chloride  is  the  prominent  salt  present  in  the  ocean. 

Bnantajayite.  20NnCl  +  AgCI.  In  cubic  crystals  and  as  nil  incrustalion.  B,  =  2, 
not  sectile.     Color  white.    From  Huantajaya,  Tarapaca,  Chili. 

BTLVmi. 

Isometric-plagibedral.     Also  in  granular  crystalliiie  masses ;  compact. 

Cleavage  :  cubic,  perfect.    Fracture  uneven.    Brittle.    H.  =  2.  G.  =  197- 
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1*99.   Luster  vitreous.  Colorless,  white,  bluish  or  yellowish  red  from  inclusions. 
Soluble  ;  taste  resembling  that  of  common  salt,  but  bitter. 

Comp. — Potassium  chloride,  KCl  =  Chlorine  47*6,  potassium  52*4  =  100. 
Sometimes  contains  sodium  chloride. 

Pyr.,  etc.— B.B.  in  the  platinum  loop  fuses,  aud  gives  a  violet  color  to  the  outer 
flame.  Dissolves  completely  in  water.  Heated  with  sulphuric  acid  gives  off  hydrochloric 
acid  gas. 

Oba.— Occurs  at  Vesuvius,  about  the  f umaroles  of  the  volcano.  Also  at  Stassfurt;  at 
Leopoldshall  (leopolditt);  at  Kalusz  in  Oalicia. 

Sal  Ammoniac.  Ammonium  chloride,  NH«C1.  Observed  as  a  white  incrustation 
about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

OERARGTRITE.    Silberhoruerz,  Homsilber  Germ.    Horn  Silver. 

Isometric.  Habit  cubic.  Twins:  tw.  pi.  o.  Usually  massive  and  resem- 
bling wax;  sometimes  columnar;  often  in  crusts. 

Cleavage  none.  Fracture  somewhat  conchoidal.  Highly  sectile.  H,  = 
1-1*5.  G.  =  5'552.  Luster  resinous  to  adamantine.  Color  pearl-gray, 
grayish  green,  whitish  to  colorless,  rarely  violet-blue ;  on  exposure  to  the 
fight  turns  violet-brown.  Transparent  to  translucent.  Index,  ?u  =  20C11 
Na. 

Comp.— Silver  chloride  =  Chlorine  24*7,  silver  76-3  =  100.  Some  Varieties 
contain  mercury. 

Pyr.,  etc.— In  the  closed  lube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  silver.  Added  to  a  l)ead  of  salt  of  phosphorus,  previously  saturated 
with  oxide  of  cop{ier  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame. 
Insoluble  in  nitric  acid,  but  iroluble  in  ammonia. 

Obs.— Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually 
only  in  the  higher  parts  of  these  veins.  It  has  also  been  observed  with  ocherous  varieties 
of  brown  iron  ore;  also  with  several  copper  ores,  calcite,  barite,  etc.;  upon  stibiconite. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico,  where  it  occurs  with 
native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg;  Andreasberg 
(earthy  var.,  BnUerwikherzY,  occurs  in  the  Altai;  at  iongsbere  in  Norway;  in  Alsace. 

In  the  U.  S..  in  Colorado,  near  Leadville,  Lake  Co.;  near  Breckcnridge  Summit  Co., 
and  elsewhere.  In  Nevada  near  Austin,  Lander  Co.;  at  mines  of  Comstock  lode.  In 
Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in  Beaver, 
Summit  and  Salt  Lake  counties. 

Named  from  K4fja^,  horn,  and  ccpyvpo?,  siltfer. 

Embolite.  Silver  chloro-bromide.  Ag(Br,Cl),  the  ratio  of  .chlorine  to  bromine  varying 
widely.  Usually  massive.  Resembles  cerargyrite,  but  color  grayish  greeu  to  yellowish 
green  and  yellow.     Abundant  in  Chili,  less  so  elsewhere. 

Bromyrite.  Silver  bromide,  AffBr.  G.  =  5  8-6.  Color  bright  yellow  to  amber-yellow; 
slightly  greenish.     From  Mexico:  Chili;  Huelgoet  in  Brittany. 

lodobromite.  2A£rC1.2AffBr.A.fi:I.  Isometric;  o  with  a.  G.  =  5*713.  Color  sulphur- 
yellow,  greenish.     From  near  Dernbach,  Nassau. 

Miersite.  Silver  iodide,  Agl,  crystallizing  in  the  isometric  system  ;  probably  tetrahedral 
like  rcurshite  (p.  317).  In  bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines,  New 
South  Wales. 

Cnproiodar^vrite.  A  copper-silver  iodide,  occurring  as  a  sulphur-yellow  incrustation 
at  Huantajaya,  reru. 

lodyrite.  Silver  iodide.  Agl.  Hexagonalhemimorphic  (Fig.  211,  p.  71);  usually  in 
thin  plates  ;  pale  yellow  or  green.  G.  =  5*6-5-7.  From  Mexico,  Chili,  etc.  Lake  Valley, 
Sierra  Co.,  New  Mexico. 


DE8CE1PTITE  HINBBALOOT, 


Fluorite  Group.     UF„KC1,. 

The  apeciee  here  included  are  Fluorite,  C»F„  and  the  rare  Hydrophilite, 
<7a01,.    Both  are  isometric,  habit  cnbic. 


FLnORTTEI 


r  Fluor  Spar.    FluMspaUi  Oerm. 
636.  639. 


Isometric.  Habit  cabic;  less  frequently  octahedral  or  dodecahedral ; 
Iorma/{310),  e  (210)  (flnoroida)  common;  also  the  vicinal  form  Q  (3210?), 
producing  atrlationa  on  a  (Fig.  640);  bexoctahedron  ^(431)  also  common 
with  the  cube  (Fig.  639).  Cubic  crystals  sometimes  grouped  in  parallel 
position,  thus  forming  a  pseud o -octahedron.  Twins :  tw.  pi.  o,  comuiouly 
penetration-twins  (Fig.  640).  Also  massive;  granular,  coarse  or  fine;  rarely 
columnar;  compact. 

Cleavage:  o  perfect.  Fracture  flat-conchoidal;  of  compact  kinds  splintery. 
Brittle.  H.  =  4.  G.  =  3-0I-3-25;  3-18  cryst.  Luster  Titreons.  Color  whi to, 
yellow,  green,  rose-  and  crimson-red,  violet-bine,  sky-blue,  and  brown;  wine- 
yellow,  greenish  blue,  violet-blue,  most  common  ;  red,  rare.  Streak  white. 
i'ranaparent — subtraiiBlucent.  Sometimes  shows  a  bluish  fluorescence.  Phos- 
phoresces when  heated  (p.  191).     Refractive  index:   «,  =  r4339  Na. 

Comp.— Calcinm  fluoride,  CaF^  t^  Fluorine  48-9,  calcium  51'1  =100. 
Cblurine  is  sometimes  present  in  minute  quantities. 

Tar. — 1.  OrdinaTji;  (ii)  cleaviible  or  cry«tsllized,  very  vnrious  in  colon:  (6)  fibrous  to 
«oIiiiiiiiar,  Mlbe  Dcrbysliiru  liliie  JdIid  iiscd  for  vnxet  auil  nilier  ornnitientB;  (e)  cotirw  to  fine 
graaulur;  (li)  emtlij',  dull,  aud  Boiiietituea  verj  Bori.  Chloropltane  yIdJs  a  green  pho«- 
pborticutit  light. 

Pjn*.,  ato  — III  llie  closed  lube  decrepitates  nod  pliosphorescea.  B.B.  In  tbe  forceps  nod 
«n  clmrcuul  fuses,  olorloic  the  fl:mie  red.  to  an  ctiainel  nlilcli  reacts  nlknliiie  on  teot  paper. 
Fused  iu  uii  upeo  tube  witb  fused  anil  of  phcrapbonis  friven  Ihe  ranction  for  fluorine. 
Treit'i-d  witli  S'llpburic  acid  gives  fumes  of  bjdrnniioric  acid  wbicli  elrb  fcliiBS. 

DUT— Di?<tiDgiiUb<.fl  \>f  lis  cryatniliae  form,  octalieilral  cIcnvAge.  reloiive  Bofliieas  (sa 
compared  with  ccriniti  preiioiis  lltoDe^  tilsowitb  tlie  feldspnre);  elchiugpoiverwbea  treated 
Willi  Kiiipliiiric  acid.     Docs  not  effervesce  nltb  arid  like  ciilrile. 

Ob».  —  SomelimcB  In  beds,  but  genprally  in  veins,  in  gneins,  mica  slale.  play  slate,  and 
also  in  liniesiones,  both  crysialline  and  iiticrjsUllliie.  and  aandstoiieB.  Often  occurs  as  the 
gaugne  of  m"Iiillic  ores,  especially  of  lend.  In  tbe  North  of  Enj^iand,  it  i9  the  pineue  of 
tlie  li'acL  veins,  wlilcli  intersect  the-  coal  formation  iu  Northumberland,  <'umberiaDi1, 
Durliaiii.  nnil  Yorkshire.  In  Derbyshire  it  {*  nbiindant.  and  also  in  Cornwall,  wberr  the 
veins  intersect  metamorpliic  rocks.  Tbe  Cumberland  and  Derhysblrc  localities  especially 
liave  afforded  uiagulflceut  specimens.     CommoD  in  tbe  mlulog  district  of  Savony;  fiaenear 
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Kougsberg  in  Norway.    In  the  dolomites  of  St.  Gotbard  occurs  in  piuk  octahedrons. 
Barely  in  volciiuic  regions,  as  in  the  Yesuvian  lava. 

Some  localities  in  the  U.  S.  are,  Trumbull,  Coon,  (ehlorophane);  Muscolouge  Lake, 
Jeffersou  Co.,  N.  Y.,  and  Macouib,  St.  Lawrence  Co.,  both  iu  very  large  sea-green  cubes; 
Fraukliu  Furuace,  N.  J.;  Amelia  Court  House,  Ya.;  Gallatin  Co.,  111.;  St.  Louis.  Mo. 

Hydrophilita.  Chlorocalcite.  Calcium  chloride,  CaCls.  Iu  white  cubic  crystals  or 
as  au  incrustation  at  Yesuvius. 


The  following  are  from  Yesuvius:  Chloromagnesita,  MgCU ;  Scacchite,  MnClf ; 
Chloralluminite,  AICl.  +  xUtO;  Molysita,  FeCls. 

Sellaita.     Mtiguesium  fluoride,  MgFt.       Iu  prismatic  tetragonal  crystals.     H.  =  5. 
O.  =  2*97-31 5.     Colorless.    From  the  moraine  of  the  Gebrouluz  glacier  in  Savoy, 
liawrencite.    Ferrous  chloride,  FeCU.     Occurs  iu  meteoric  iron. 

Gotunnite.  Lead  chloride,  PbCli.  In  acicular  crystals  (orthorhombic)  and  in  semi- 
•crystailine  uuisses.  Soft.  G'  =  6*24.  Color  white,  yellowish.  From  Vesuvius;  also 
Turapiica.  Chili. 

Tysonite.  Fluoride  of  the  cerium  metals,  (Ce,La,Di)F|.  In  thick  hexagonal  prisms,  and 
massive.  Cleavage :«  perfect.  H.  =4*5-5.  G.  :=  6*13.  Color  pale  wax-yellow,  changing 
to  yellowish  and  reddish  brown.    From  the  granite  of  Pike's  Peak,  El  Paso  Co.,  Colorado. 


ORTOUTE.    Eisstein  Oerm. 
Monoclinic.    Axes  (k:h:i  =  0-9663  : 1  : 1-3882  ;  >5  =  89°  49'. 

mm'",  110  A  110  =  88'    2'.  ck,  001  A  101  =  55'  17'.  ^^^' 

cm,      001  A  110  =  89*  52'.  er,  001  A  Oil  =  54*  14'. 

C9,       001  A  101  =  55*    2*.  cp,  001  A  HI  =  63*  18*. 
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Crystals  often  cubic  in  aspect  and  ^ouped  in  parallel 
position;  often  with  twin  lamellae.     Massive,  cleavable. 

Cleavage:  c  most  perfect,  also  m,  A;  (lOl)  somewhat 
less  so.      Fracture  uneven.      Brittle.     H.  =  2*5.     G.  =  \         k  J 

2'95'-3*0.     Luster  vitreous  to  greasy;   somewhat  pearly  \_/t\         ^ 
on  c.      Colorless  to  snow-white,  sometimes   reddish   or 
brownish  to  brick-red  or  even  black.     Transparent  to  translucent. 

Comp. — A  fluoride  of  sodium  and  aluminium,  Na,AlF,  or  3NaF.AlF,  = 
Fluorine  54'4,  aluminium  12*8,  sodium  32*8  =  100.  A  little  iron  sesquioxide 
is  sometimes  present  as  impurity. 

Pyr.,  etc. — Fusible  in  small  fmgments  in  the  flame  of  a  candle.  B.6.  in  the  open  tube 
heated  so  that  the  flsime  enters  the  tube  gives  off  hydrofluoric  acid,  etching  tlie  glass.  In 
the  forceps  fuses  very  easily,  coloring  the  flame  yellow.  On  charcoal  fuses  easily  to  a  clear 
bead,  which  on  cooling  becomes  opaque;  after  lon^  blowing,  the  assay  spreads  out.  the 
fluoride  of  sodium  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a 
crust  of  alumina  remains,  which,  when  heated  with  cobalt  solution  in  O.F.,  gives  a  blue 
color.     Soluble  in  sulphuric  acid,  with  evolution  of  hydrofluoric  aci<i. 

I^ifil— Distil) {^uished  by  its  extreme  fusibility,  and  its  yielding  hydrofluoHc  acid  in  the 
open  tube.     Al»»  by  its  cleavages  (resembling  cubic  cleavage)  and  softness. 

Obs. — Occurs  in  a  bay  in  Arksukflord,  in  West  Greenland,  at  Ivi^lut  (or  Evigtok), 
about  12  m.  fiont  the  Danish  settlement  of  Arksuk.  where  it  constitutes  a  large  l^d  in 
a  gninitic  vein  in  a  gray  gneiss.  Crvolite  and  its  alterniion  products,  pachuolTte.  thom- 
senolite,  prosopite,  etc..  also  occur  in  limited  quantity  at  the  southern  base  of  Pike's 
Peak,  El  Paso  county.  Colorado,  north  and  west  of  Saint  Peter's  Dome. 

Named  from  KpiJoi,  frost,  AzOo^,  ttone,  hence  meaning  tee-stone,  in  allusion  to  the 
translucency  of  the  white  cleavage  masses. 

Ohiolite.  5NaF.3AlFs.  In  small  pyramidal  crystals  (tetragonal);  also  massive  granu- 
)»!•.  H.  =  3  5-4.  G.  =  2-84-2  90.  Color  snow-white.  From  near  Miusk  in  the  Ilmen 
Mts. ;  also  with  the  Greenland  cryolite. 

Hieratite  A  fluoride  of  potassium  and  silicon.  In  grayish  stalactitic  concretions; 
isometric.    From  the  fumaroles  of  the  crater  of  Vulcano. 


22  DSeCBIFTIVB  MINEEALOOY. 

n.    Oxyohloridei,  Oxyfluorldei. 
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Commonly  in  Blender  priBmatic  crystals,  vertically  striated.  In 
confused  crystalline  aggregates;  also  massive,  librouB  or  granular  to 
compact;  as  sand. 

Cleiivage:  i*  highly  perfect.  Fracture  coiichoidal.  Brittle.  H. 
—  3-3  5.  G.  =  375-3T7.  Luster  adamantine  to  vitreous.  Color 
bright  green  of  various  shades,  dark  emerald-green  to  blackish  green. 
Li__jj  Streak  apple-green.  Tniusparent  to  translucent. 
X^^  Comp.— Cu,CIH,0,  or  CuCl,.3Cn(0H),=  Chlorine  10-6,  copper 
14-9,  ciipric  oxide  55-8,  water  12-7  =  100. 

Pyr.,  olc. — In  tlie  closed  tube  cives  off  miicli  waler,  and  Tonns  a  eray  sublimRle.  B.B. 
00  cliiircoal  fu3ea,  coloring  tlie  O.F.  azure-blue,  wllli  ft  green  edge.  sikI  glvioglwo  coatiuea, 
ODe  browulsli  and  tiie  atli?r  grayigb  white:  continued  blowiuE  yields  n  globule  or  nieiaiTic 
■Wjiper;  tlie  coalliigB,  toucUed  wkb  Uie  R.F.,  voliililize,  coloriug  tbe  flame  nzure-blue.  In 
acid»  easily  eoliible 

OtM  — Origlnnlly  fiiim  Atacamn  In  tbe  iiortbern  part  of  Cbili;  aho  found  elsewliere  in 

Cbili  mid  Bilivia:  with  lOalacblte  at  Wallaroo  in  B.  AuBtnilia-  •■  «'    T""  '••  f^ '•"      ^- 

tbe  U.  8.,  wiib  ctiprilf,  etc.,  nl  tbe  United  Verde  miiie,  Jeron 

Ptrojrlit*.  A  leftrt-coppernxychloride,  perhaps  PbCuOjHiCli.  In  sky-blue  culies.  From 
SoDora,  Mexico:  Aiacama;  B  ilf»fa,  etc,  SoUil*  from  BoIcd,  near  Sama  Howiliii,  Lower 
California,  is  a  percylllc  coutntnlng  a  lilllc  sliver.  Cumengite  is  the  same  In  crynlnla  appear- 
ing to  be  telragou:Ll. 

Matlockita.  Lead  oiycbloride,  Pb,OCI,.  In  tabular  letragonal  cryBtul";.  G.  =  7-21, 
Luster  adamanduc  to  |>eitr1y.  Color  yellowish  or  slightly  greenish.  Fruni  Cromford,  near 
Hatlock,  Derbyshire. 

Maadiplte.  Pb.O.Cl,  or  PbCI,.SPbO.  In  flbrotis  or  columnar  nmsscs:  oflcn  radiated. 
H.  =  2-3-8.  Q.  =  7-71.  Color  white.  From  the  Mendip  Hills,  Bomerselshire.  Euglaud; 
near  BriloQ.  Westphalia. 

IiaurionitB.  PbClOH  or  PbCI  Pb(OH),  In  minute  prisnwtic  colnrlcse  crystals  fortho- 
rhombic),  \a  Hncleni  lead  slags  nt  Liurion.  Greece.  Fiedlaiite,  associated  with  launonile, 
Is  probably  also  a  lead  oxychlorlde:  in  colorless  monoclloic  crystals. 

PBiifi«Idlte,     P1..0CI,  nr  Pb0.2PbCI,.    In  white  lieiagonal  crystals.    Lfiurion.  Greece. 

Daviaalte.  A  lead  oxvehloride  of  uncertnin  composillon.  Id  minute  colorless  prismatic 
crystiils  (orthorhombic)   from  Ibe  Mlna  Bealriz,  Sierra  Gorda.  Atiicama. 

BcltwartMinb«rglta.  Probably  Pb(I,CI),.aPbO.  In  druses  of  small  crystals;  also  in 
crmls.     G.  ■=  6-3,     Color  honey-yellow.     Desert  of  Atacnma. 

Pinoc«rit«.  (Ce.L8,DI),0P,.  Hexftnonnl.  H.  =  4.  Q.  =  6-7-S-9  Color  reddish 
yellow.    From  Osierby  In  Dnlnrue.  Sweden. 

Nooerite.     Perhaps  3(Cft,Mg)F,(Ca.MglO(? 
ombs  iu  tbe  tufa  of  Nocera,  Italy. 

DanbTMite.    An  earthy  yellowish  oxycbloride  of  bismuth.    From  Bolivia. 
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in.  Hydrous  Chlorides,  Hydrous  Fluorides,  etc. 

OARNALLITB. 

Orthorhombic.     Crystals  rare.     Commonly  massive,  granular. 

No  distinct  cleavage.  Fracture  conchoidal.  Brittle.  H.  =  1.  6.  =  1-60, 
Luster  shining,  greasy.  Color  milk-white,  often  reddish.  Transparent  to 
translucent.     Strongly  phosphorescent.     Taste  bitter.     Deliquescent. 

Comp.— KMgC1..6H,0  or  KCl.MgCl,  +  6H,0  =  Chlorine  38-3,  potassium 
14  1,  magnesium  8-7,  water  39*0  =  100. 

Obs.— Occurs  ut  Stassfurt,  in  beds,  alternating  with  thinner  beds  of  common  salt  and 
kieseritc. 

DouGLASiTE,  associated  with  carnallite,  is  said  to  be  2KCl.FeCl,.2H,0. 

Bischofite.    MgCl,  +  OH^O.    Crystalline-granular;  colorless  to  white.    From  Leopolds* 
hall,  Prussiti. 

Kremersite.     KCl,NH4Cl.FeCl,  +  H,0.     In  red  octahedrons.     From  Vesuvius. 

Brythrosiderite.     2KCl.FeCl».H,0.     In  red  tabular  crystals.     Vesuvius. 

Tachhydrite.      CaCl,.2MgCla  +  12HaO.      In  wax-  to   honey-yellow  masses.      From 
Stassfurt. 


Fluellite.  AIF3  +  HaO.  In  colorless  or  white  rhombic  pyramids.  From  Stenna  Gwyn, 
Cornwall. 

Prosopite.  CaF,.2Al(F,0H)i.  In  monoclinic  crystals,  or  granular  massive.  H.  =  4-5. 
G.  =  2-88.  Colorless  white,  grayish.  From  Allenberg,  Saxony;  St.  Peter's  Dome  near 
Pike's  Peak,  Colonulo. 

Pachnolite  and  Thomsenolite.  occurring  with  cryolite  in  Greenland  and  Colorado,  have 
the  same  composition,  NaF.CaF,.AlF3  -4-  HjO.  Both  occur  in  monoclinic  prismatic 
crystals;  prismatic  angle  for  pachnolite,  98  36',  crystals  twins,  orthorhombic  in  aspect.  For 
Ihorasenolile,  89*  46',  crystals  often  resembling  cubes  (m,  c),  also  prismatic;  distinguished 
by  its  basal  cleavage;  also  massive. 

OearkauUte.     CaF,.Al(F,0U)3.H,0.    Earthy,  clay-like.    Occurs  with  cryolite. 

RaLitonite.  (Na„Mg)F3  3Al(F,OH)i.2H,0.  In  colorless  to  white,  isometric,  octa- 
hedrons.    H.  =  4-5.     G.  =  2-56-2-62.     With  the  Greenland  cryolite. 

Tallingite.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Footeite.  A  hydrous  oxychloride  of  copper  occurring  in  deep  blue  prismatic  crystals 
(monoclinic)  at  the  Copper  Queen  mine.  Bisbee,  Arizona. 

Tttrocerite.  (Y,Er,Ce)Fi.6CaF,.HaO.  Massive*cleavable  to  granular  and  earthy. 
H.  =  4-5.  G.  =  34.  Color  violet-blue,  gray,  reddish  brown.  From  near  Falun* 
Sweden,  etc. 
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V.  OXIDES. 

I.  Oxides  of  Silicon, 
n.  Oxides  of  the  Semi-Metals :  Telluriumi  ArseniCi  Antimony^ 
Bismuth ;  also  Molybdenum,  Tungsten, 
m.  Oxides  of  the  Metals. 

The  Fifth  Class,  that  of  the  Oxides,  is  subdivided  iDto  three  sections,, 
according  to  the  positive  elemeut  present.  The  oxides  of  the  non-metal 
silicon  are  placed  by  themselves,  but  it  will  be  noted  that  the  compounds  of 
the  related  element  titanium  are  included  with  those  of  the  metals  proper. 
This  last  is  made  necessary  by  the  fact  that  in  one  of  its  forms  TiO,  i» 
isomorphous  with  MnO,  and  PbO,. 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  as  salts,, 
e.g.,  the  species  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
included  in  this  class. 


I.   Oxides  of  Silicon. 

QUARTZ. 

Ehombohedral-trapezohedral.    Axis:  (!— ■1-09997. 


M3. 


rr',  lOil  A  1101 
rz,  1011  A  0111 
mr,   1010  A  1011 
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85"  46'. 
46'  16'. 
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WW,  1010  A  0111  =66'6y. 
ms,  1010  A  1121  =87-58'. 
mx,  1010  A  5161  =  12"  1'. 
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Crystals  commonly    prismatic,  with   the  m   faces  horizontally  striated; 

terminated  either  by  both  rhom boned rons,  or 
by  one  only;  the  predominating  rhombo* 
hedron  is  in  almost  all  cases  r  (lOll).  Often 
in  double  six-sided  pyramids  or  quartzoida 
through  the  equal  development  of  r  and  z\ 
when  r  is  relatively  large  the  form  then  has 
a  cubic  aspect  {rr  =^  85°  46').  Crystals  fre- 
quently  distorted,  when  the  correct  orienta- 
tion may  be  obscure  except  as  shown  by  the 
Btriations  on  m.  Crystals  often  elongated  to- 
acicular  forms,  and  tapering  through  the 
oscillatory  combination  of  successive  rhombo- 
bedrons  with  the  prism.  Occasionally  twisted 
or  bent.    Frequently  in  radiated  masses  with  a  surface  of  pyramids,  or  in  dmses. 

Simple  crystals  nre  either  riirbt-  or  left-linnded.    On  a  right  handed  crystal  (Fif?.  648), 
9,  if  prescDt,  lies  to  the  rigbt  of  the  m  fuce,  which  is  below  the  predomiuatiug  plus  rhombo^ 
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ueilroii  r,  siid  nitU  this  belong  the  plus  right  trapeiobedrnDS,  &s  x,  and  minus  leri  trape- 
zuhedroDS  (cf.  Fig.  270,  p.  83>,  alu>  »  left).  Ho  ^  UJthanded  tiryuai  iFig.  e49i,  «  IJesinibo 
left  of  tliem  below  r.Huilwiib  ii  tbe  plus  leriand  miDUBriglitlni]<i'Z<ibe<lTOii8.  alBoa(iigbl|. 
Tiie  riglil-  aud  left-bBndeil  foruis  occur  logelber  011I7  !□  twltm.  In  ihe  absence  or  irupo- 
lobedi'al  faces  the  ■IriHlioua  on  «  i|  edge  r/w),  if  dlsiiucl,  serve  lo  disliDgiiisli  Ihe  fftces- 
r  and  1.  iid<1  heuce  slii>w  ilie  riglit-  uiid  leftliaDdeil  clianicler  ol  the  cryttals.  Tlie  rij;ht- 
and  li-ft-baiided  character  is  also  Tevealed  by  etching  (Art.  S6S)aud  by  pyro-electricily 
(AM.  420). 

Twins:  (1)  tw.  axis  (^,  axes  parallel.  (2)  Tw.  pi.  a,  sometimes  called  the 
Brazil  law,  usually  as  irregular  perietration-twiiia  (Fig.  650).  (3)  Tw.  pi. 
£  (ll33),  con  tat  ct-t  wins,  the  axes  ci'otising  at  an  auglc  of  U4°  'i'A'.  iJ€e  further 
p.  127  and  Figs.  39^-394.  Maasive  forms  common  and  in  great  variety, 
passing  from  the  coarse  or  fire  granular  and 
crystalline  kinds  to  tliose  which  are  flint-like 
or  oryptocrystalline.  Sometimes  mammillary, 
Gtahictitic,  and  in  concretionary  forms;  as 
sand. 

Cleavage  not  distinctly  observed;  some- 
times fracture  surfaces  (|  r,  z  and  m)  devel- 
oped by  sudden  cooling  after  being  heated 
(see  Art.  258).  Fracture  conchoidal  lo  sub- 
conchoidal  in  crystallized  forms,  uneven  to 
splintery  in  some  massive  kinds.  Brittle  to 
tough.  H.  =  7.  G.  =  2-653-3-660  in  crystals; 
cryptocrystalline  forms  somewhat  lower  (to 
2-60)  if  pure,  but  impure  massive  forms  {e.g., 
jasper)  higher.  Luster  vitreous,  sometimes  Basal  section  in  polariieiilight.ahow- 
greasy;  splendent  to  nearly  dull.  Colorleaa  j"?  imenwnet ration  of  right- and 
when  pure;  often  various  shades  of  yellow,  ^^'^^'^''"^  P*"'""""  °^  "^'"^ 
red,    brown,    green,    bine,    black.       Streak 

white,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much- 
paler.     Transparent  to  opaque. 

Optically  +.  Double  refraction  weak.  Polarization  circular ;  right* 
handed  or  left-handed,  the  optical  character  corresponding  to  right-  and  left- 
handed  character  of  crystals,  as  defined  above;  in  twins  (law  2),  both  right  and 
left  forms  sometimes  united,  sections  then  often  showing  Airy's  spirals  in  the 
polarisnope  (cf.  Art.  366,  p.  ^02,  and  Fig.  650).  Rotatory  power  proportional 
to  thickness  of  plate.  Kefractive  indices  for  the  D  line,  u>  =  1'54418,  e  = 
1'5532S;  also  rotatory  power  for  section  of  1"™-  thickness,  ir  =  21'71  (D  line). 
Fyroelectric  ;  also  electric  by  pressnre  or  pie zo -electric.  See  Arta.  420,  421. 
On  etching-fisures,  see  Arts  26S,  266. 

Comp. — Silica,  or  silicon  dioxide,  SiO,  =  Oxygen  53-3,  silicon  46-7  =  100. 

In  ninutve  vnrietlcs  often  mixod  wiib  a  liiile  npat  siltoa.  Imnnre  variettea  contain  Iron 
oxide,  caliium  carbonate,  clay,  mnd.  and  vitrhms  minerala  as Inclunlons 

T"-.— 1.  pHKNOCRTeTAi.LiiiB:  CryBtatllzed,  vltrtoui  !□  luBlcr.  3.  Cbyptocrtbtalijsk: 
Fllnt-lfke.  mMHsive. 

The  liM  illviaion  Incliiden  nil  ordlnnrj  vitrenni  qiMrli.  whellier  bnvlng  cryMalline  hct» 
or  not.  The  varietlei  under  ihc  wnud  are  in  general  apu-d  iipnn  tomewbat  more  by 
atlrilion.  an  I  by  chemical  agents,  aa  hydrofluoric  ncld.  than  tho<i"  of  Ihe  first.  In  all  kindil 
nude  up  ot  layers,  aa  agate,  sucrexsive  layen  are  uneqnaliy  eroded. 

A.    PHEiroORTSTALuax  OR  VrrRBOUB  Varieties. 
Ordinary  CryatalUatd;  Hart  Oyi^fl.—Colorl'Kt  quartz,  or  nearly  no.  whether  in  diattnct 
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quartz  made  up  of  separable  layers  or  caps;  (c)  drusy  quartz,  a  crust  of  small  or  minute 
quartz  crystals;  {d)  radiated  quartz,  ofteu  separable  iuto  radiated  parts  haviug  pyramidal 
termiuatioDs;  (e)  fibrous,  rarely  delicately  so  as  a  kind  from  Griqualand  West,  South 
Africa,  altered  from  crocidolite  (see  cats-eye  below,  also  crocidolite  p.  404). 

Asteriated;  Star-quartz. — CoDtaiuiug  withiu  the  crystal  whitish  or  colored  radiatioDS 
aloDg  the  diametral  planes.     Occasionally  exhibits  distinct  asterism. 

AmethyBtine;  AmetJiyst, — Clear  purple,  or  bluish  violet.    Color  perhaps  due  to  manganese. 

HoM. — Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive.  Lustef 
sometimes  a  little  greasy.     Color  perhaps  due  to  titanium. 

Yellow;  False  Topaz  ov  Citrine. — Yellow  and  pellucid;  resembling  yellow  topaz. 

Sinoky;  Cairngorm  Stone. — Smoky-yellow  to  dark  smoky  brown,  and  often  trans- 
parent; varying  to  brownish  black.  Color  is  probably  due  to  some  organic  compound 
(Forster).  Called  eairngormz  from  the  locality  at  Cairngorm,  S.W.  of  Banff,  in  Scotland. 
The  name  morion  is  given  to  nearly  black  varieties. 

^iVAy.— Milk-white  and  nearly  opique.     Luster  often  greasy. 

Siderite,  or  Sapphire-quartz. — Of  indigo  or  Berlin-blue  color;  a  rare  variety. 

jSa^ef7iifk;.— Inclosing  acicular  crystals  of  rutile.  Other  included  minerals  in  acicular 
forms  are:  black  tourmaline;  g5thite;  stibnite;  asbestus;  actinolite;  hornblende;  epidote. 
CaVS'Eye  (Katzenauge  Oerm.SEW  de  Chat  Fr.)  exhibits  opalescence,  but  without  prismatic 
colors,  especially  when  cut  en  eabochon,  an  effect  sometimes  due  to  fibers  of  asbestus. 
Also  present  in  the  siliceous  pseudomorphs,  after  crocidolite,  called  tiger-tye  (see  crocidolite). 
The  highly-prized  Oriental  cat's-eye  is  a  variety  of  chrysoberyl. 

Aventurine. — Spangled  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  from  the  presence  of  distinct  minerals  distributed  densely  through  the  mass. 
The  more  common  kinds  are  those  in  which  the  impurities  are:  (a)  fer?'ugino us  (Eiseukiesel 
Germ.\  either  red  or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  (6)  ehloritie, 
from  some  kind  of  chlorite;  (e)  actinolitic;  {d)  micaceous;  {e)  arenaceous,  or  sand. 

Containing  liquids  in  cavities.  The  liquid  usually  water  (pure,  or  a  mineral  solution), 
or  some  petroleum-like  compound.  Quaitz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  and  gaseous  carbon  dioxide. 

B.    Cryptocrystalune  Varieties. 

Chalcedony.— UnYXng  the  luster  nearly  of  wax,  and  either  transparent  or  translucent. 
G.  =  2  6-2'64.  Color  white,  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammillnry.  botryoidul,  stalactitic, 
and  occurring  lining  or  filling  cavities  in  rocks.  It  often  contains  some  disseminated  opal- 
silica.  The  name  enhydros  is  given  to  nodules  of  chalcedony  containing  water,  sometimes 
in  large  amount.  Embraced  under  the  general  name  chalcedony  is  the  crystalline  form  of 
silica  which  forms  concretionary  masses  with  radial-fibrous  and  concentric  structure,  and 
which,  as  shown  by  Rosenbusch,  is  opticaUy  negative,  unlike  true  quartz.  It  has  w,  =  1*537; 
G.  =  2  5d-2*64.  Often  in  spherulites,  showing  the  spherulitic  interference-figure.  LussO' 
ate  of  Mallard  has  a  like  striicture.  but  is  optically  -f  and  has  the  specific  gravity  and 
refmctive  index  of  opal.     See  also  quarlzine,  p.  828. 

Carnelian.  Sard. — A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chrysoprase. — An  apple  green  chalcedony,  the  color  due  to  nickel  oxide. 

Prase. — Translucent  and  dull  leek-green. 

Plasma. — Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald-green, 
and  subtranalucent  or  feebly  translucent.  Heliotrope,  or  Blood-stone,  is  the  same  stone 
essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of  blood. 

Agate.— A  variegated  chalcedony.  The  colors  are  either  (a)  banded;  or  (b)  irregularly 
clouded;  or  (c)  due  to  visible  impurities  as  in  moss  agate,  which  has  brown  moss- like  or 
dendritic  forms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bands  are 
delicate  parallel  lines,  of  white,  pale  and  dark  brown,  bluish  and  other  shades;  they 
are  sometimes  straight,  more  often  waving  or  zigzag,  and  occasionally  concentric 
circular.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  haviug  been  formed 
by  a  deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks, 
and  deriving  their  concentric  waving  courses  from  the  irregularities  of  the  walls  of  the 
cavity.  The  layers  differ  in  porosity,  and  therefore  agates  may  be  varied  in  color  by 
artificial  means,  and  this  is  done  now  to  a  large  extent  with  the  agates  cut  for  ornament. 
There  is  also  agatized  wood:  wood  petrified  with  clouded  agate. 

Onyx. — Like  agate  in  consisting  of  layers  of  different  colors,  white  and  black,  white  and 
•red,  etc.,  but  the  layers  in  eyen  planes,  an^  the  banding  straight,  and  hence  its  use  for  cametw* 
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Sardonyx.— Jjike  ouyx  in  structure,  but  includes  layers  of  carnelian  (sard)  along  witl 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

Agate-jasper. — An  agate  consisting  of  jasper  with  veinings  of  chalcedony. 

8Uice<nu  sinter. — Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain 
ing  silica  or  soluble  silicates  iu  solution.     See  also  under  opal,  p.  329. 

Fltnt. — Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  dull  colors,  usually 
gray,  smoky  brown,  and  brownish  black.  The  exterior  is  often  whitish,  from  mixture 
with  lime  or  chalk,  iu  which  it  is  embedded.  Luster  barely  glisteniue,  subvitreous. 
Breaks  wiih  a  deeply  couchoidul  fracture,  and  a  sharp  cutting  edge.  The  flint  of  the 
chalk  formation  consists  largely  of  tbe  remains  of  diatoms,  sponges,  and  other  marine 
productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous  matter. 
Flint  implements  play  an  important  part  among  the  relics  of  early  man. 

Uornstone. — Resembles  flint,  but  is  more  brittle,  the  fracture  more  splintery.  CJiert  is  a 
term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  including  the  jaspers. 

Basanite;  Lydian  Stone,  or  Touchstom,—K  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  tbe  purity  of  the  precious  metals. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experience!) 
eye  the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

Jasper. — Impure  opaque  colored  quartz;  commonly  red,  also  yellow,  dark  green  and 
grayish  blue.  Striped  or  i-iband  jasper  has  the  colors  in  broad  stripes.  Porcelain  jasper  is 
nothing  but  baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 

C.  Besides  the  above  there  are  also: 

Granular  Quartz,  Quartz-rock,  or  Qttaruite. — A  rock  consisting  of  quartz  grains  very 
firmly  compacted;  the  grains  often  hardly  distinct,  (^uartxose  Sandstone,  Quartz-con- 
glomerate.— A  rock  made  of  pebbles  of  quartz  with  sand.  The  pebbles  sometimes  are 
jasper  and  chalcedony,  and  make  a  beautiful  stone  when  polished.  Itacolumite,  or  Flexible 
Sandstone. — A  friable  sand-rock,  consisting  mainly  of  quartz-sand,  but  containing  a  little 
mica,  and  possessing  a  degree  of  flexibility  when  in  thin  Inminffi.  Buhrstone,  or  Purrstone. 
— A  cellulnr.  flinty  rock,  having  the  nature  in  part  of  coarse  chalcedony. 

Pseudomorphous  Quartz. — Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
species,  which  it  has  taken  through  either  the  alteration  or  replacement  of  crystals  of  those 
species.  The  most  common  quartz  pseudomorphs  are  those  of  calcite,  barite,  fluorite,  and 
siderite.     Silirified  noood  is  quartz  pseudomorph  after  wood  (p.  258). 

P3rr..  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda 
dissolves  with  effervescence:  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydro- 
chloric  acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies,  the  crvpto- 
crystalline  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  lused 
and  cooled  it  becomes  opal-silica  having  G.  =  2*2. 

Difif.— Characterized  in  crystals  by  the  form,  glassy  luster,  and  absence  of  cleavage; 
also  in  general  by  hardness  and  infusibilitv. 

Easily  recognized  in  rock  sections  by  its  low  refraction  ("low  relief,"  p.  170)  and  low 
birefringence  (e  —  c»  =  0'009);  the  interference  colors  in  ^ood  sections  not  rising  above 
yellow  of  the  first  order;  also  by  its  limpidity  and  the  positive  uniaxial  cross  yielded  by 
axial  sections  fp.  503,  note),  which  remain  dark  when  revolved  between  crossed  nicols. 
Commonly  in  formless  grains  (granite),  also  with  crystal  outline  (porphyry,  etc.). 

Obs. — Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  granite- 
porphyry,  quartz- porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  commonly 
in  formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last  product 
of  crysuillizntion.  Further  it  is  an  essential  constituent  in  quartz  diorite,  quartz-diorite 
porphyry  and  dacites  in  the  diorite  group;  in  the  |X>rphyries  frequently  in  distinct  crystals. 
It  occurs  also  as  an  accessory  in  other  feldspathic  igneous  rocks,  such  as  syenite  and  trachyte. 
Amon^  the  metamorphic  rocks  it  is  an  essential  component  of  certain  varieties  of  gneiss, of 
quartzite.  etc.  It  forms  the  mass  of  common  sandstone.  It  occurs  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreign  mineral  in  some  limestones, 
etc.,  making  ^^eodes  of  crystals,  or  of  chalcedony,  agate,  carnelian,  etc. ;  as  embedded  nodules 
or  masses  in  various  limestones,  constituting  the  flint  of  the  Chalk  formation,  the  hornstone 
of  other  limestones— these  nodules  sometimes  becoming  continuous  layers;  as  masses  of 
jas|>er  occasionally  in  limestone.  It  is  the  principal  material  of  the  pebbles  of  gravel-beds, 
and  of  the  sands  of  the  seashore,  and  sandbeds  everywhere.  In  graphic  granite  (prgmatite) 
the  quartz  individuals  are  arranged  in  parallel  position  in  feldspar,  the  angular  particles 
resembling  written  characters.  The  quartz  grains  in  a  fra^mental  sandstone  are  often 
found  to  have  undergone  a  secondary  growth  by  the  deposition  of  crystallized  silica  with 
like  orientation  to  the  original  nucleus. 

Switzerland  Dauphine,  Piedmont,  the  Carrara  quarries,  and  numerous  other  foreign 
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locaiities,  afford  fine  specimens  of  rock  crystal;  also  Japan,  whence  the  beautiful  crystal 
spheres,  in  rure  aises  up  to  6  incites  in  diameter.  Smoky  quartz  crystals  of  great  beauty, 
and  often  highly  complex  in  form,  occur  at  many  points  in  the  central  Alps,  also  at 
Cairngornf.  Scolland.  The  most  beautiful  amethysts  are  brought  from  India,  Ceylon,  and 
Persia,  also  from  Brazil;  inferior  sped.i  ens  occur  in  Transylvania.  The  finest  <Vir7i«/tr</(«  and 
agates  are  found  in  Arabia,  India,  Brazil.  iSuriiiam.  also  formerly  at  Obeistein  and  Saxony. 
Scotland  affords  smaller  but  handsome  si^ecimens  (Scotch  pebbles).  The  bunks  of  the  !Nile 
afford  the  Egyptian  jasper;  the  striped  jasper  is  met  with  in  Sibena,  Saxony,  and  Devonshii*e. 

In  New  I ork,  quartz  crystals  are  abundant  in  Herkimer  Co.,  at  Middleville,  Little 
Falls,  etc.,  loose  in  cavities  in  the  Calciferous  sand-rock,  or  emlHjdded  in  loose  earth. 
Fine  quartzoids,  at  the  beds  of  hematite  in  FowUr,  Herman,  and  Edw.-nds.  S'.  Lawrence 
Co.,  also  at  Atitwerp,  Jefferson  Co.  On  the  banks  of  Laidlaw  Lake,  Kossie,  large  implanted 
crystals:  at  Ellen ville  lea<l  mine,  Ulster  Co  .  in  hue  groups.  At  Paris,  Me.,  hands<nnc 
crystals  of  brown  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Arkansas.  Alexander  Co.,  N.  C,  has  afforded  great  numbers  of  hig  ly  complex  crystals, 
with  rare  modifications.  Fine  crystals  of  smoky  quartz  come  from  the  granite  of  the  Pike's 
Peak  region,  Colorado.  Geodes  of  quartz  crystals,  also  enclosing  calcite,  sphakrite,  etc., 
are  common  in  the  Keokuk  limestone  of  the  west. 

Rose  quartz  occurs  at  Albany  and  Paris,  Me.;  Acworth,  N. ;  H.  Southbury,  Conn. 
AmrViyst,  in  trap,  at  Keweenaw  Point,  Lake  Superior;  Specimen  Mt  ,  Yellowstone  Park: 
in  Pennsylvania,  in  East  Bradford,  Chester,  and  Providence  (one  tine  crystal  over  7  lbs.  in 
weight),  in  Chester  Co.;  at  the  Prince  vein.  Lake  Superior;  large cn'stals,  near  Greensboro, 
N.  C. ;  crystallized  green  quartz,  in  talc,  at  Providence,  Delaware  Co.,  Penn.  Chalcedony 
and  agates  abundant  and  beautiful  on  N.  W.  shore  of  Lake  Superior.  Red  jas|ier  is  found 
on  Sugar  Loaf  Mt.,  Maine;  in  pebbles  on  the  banks  of  the  Hudson  at  Troy;  yellow,  with 
chalcedony,  at  Chester,  Mass.  Agatized  and  jtisperized  wood  of  great  beauty  and  variety 
of  color  is  obudned  from  the  petrified  forest  called  Chalcedony  Park,  near  Carrizo,  Apache 
Co.,  Arizona;  also  from  the  Yellowstone  Park;  near  Florissant  and  elsewhere  in  Colorado; 
Amethyst  Mr.,  Utah;  Napa  Co.,  California.  Moss  agates  from  Humboldt  Co.,  Nevada^ 
and  many  other  points. 

The  word  quartz  is  of  German  provincial  origin  Agate  is  from  the  name  of  the  riyer 
Achates,  in  Sicily,  whence  specimens  were  brought,  as  slated  by  Theophrastus. 

QuAUTziNB  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  ia 
chalcedony  and  is  inferred  to  be  triclinic  in  crystalline  structure.     LuteeiU  belongs  here. 

TREDTMITE. 

Hexagonal  or  pseudo-hexagonal.  Axis  i  =  1  -6530.  Crystals  usually  minute, 
thin  tabular  ||  c\  often  in  twins;  also  united  in  fan-shaped  groups. 

Cleavage:  prismatic,  not  distinct;  parting  J  c,  sometimes  observed.  Frac- 
ture conchoidal.  Brittle.  H.  =  7.  CJ.  =  2'28-2-33.  Luster  vitreous,  on  c 
pearly.  Colorless  to  white.  Transparent.  Optically  -|-.  Often  exhibitft 
anomalous  refraction  phenomena. 

Comp. — Pure  silica,  SiO,,  like  quartz. 

Pyr.,  etc. — Like  quartz,  but  soluble  in  boiling  sodium  carbonnte. 

Obs.— Occurs  chiefly  in  acidic  volcanic  rocks,  trachyte,  andesite.  liparite,  le«»8  often  in 
dolerite;  usually  in  cavhies,  often  associated  with  sunidine,  also  hornblende,  augie,  hema- 
tite; sometimes  in  opal.  First  observed  in  crevices  and  druses  in  nn  augite-nndesite  from 
the  Cerro  Snn  Cristobal,  near  Pnchurn,  Mexico;  later  prove<l  to  b(i  rnilier  irenerally 
distributed.  Thus  in  trachyte  of  the  Siebengtbirge;  of  Eugnnean  Hills  in  N  Ttnly;  Puy 
Capucin  (Monl-Dore)  in  Central  Pnuice,  etc  In  th<*  ejected  ma&^es  from  Vesuvius  con- 
sisting chit-fly  of  sanidine.  With  qiiartz.  feldspar,  fayaliie  in  lilhophyses  of  Obsidian  cliff, 
Yellowstone  Park.     In  the  andesite  of  Mt.  Rainier.  Washington. 

Named  from  rpiSv/noi,  threefold,  \n  allusion  lo  the  common  occurrence  in  trillinps. 

AsMANiTE.  A  form  of  si  ica  found  in  the  meteoric  iron  of  Breitenbach.  in  very  minute 
grains,  probably  identical  with  tridymiie;  by  some  nferred  to  the  orihoihornbic  system. 

Cristobamtk.  Christobalite.  Siliwi  in  whilf  octahedrons  (pseudo-isometric?),  g!  = 
2*27.     With  Iri.jymite  in  andesite  of  the  Cerro  8.  Cristobal,  Pachuca.  Mexico 

Melanophlooite  In  minute  cubes  nnd  siihericnl  agL'repates.  Occurring  with  calcite 
and  celestite  implanted  upon  an  incrustation  of  opaline  .silica  over  the  sulphur  crystals  of 
Girgenti.  Sicily.  Con.'^ists  of  SiO,  with  5  to  7  p.  c.  of  SOi.  The  mineral  turns  black 
superficially  when  heated  B.B. 
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OPAIi. 


Amorphous.  Massiye;  sometimes  small  reniform,  stalactitic,  or  large 
tuberose.     Also  eanby. 

H.  =  5o-C-5.  G.  =  r9-2*3;  when  pure  2'l-2*2.  Luster  vitreous,  frequently 
gubvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly.  Color  white, 
yellow,  red,  brown,  green,  gray,  blue,  generally  pale  ;  dark  colors  arise  from 
foreign  admixtures;  sometimes  a  rich  play  of  colors,  or  different  colors  by 
refracted  and  reflected  light.  Streak  white.  Transparent  to  nearly  opaque. 
W|.  =  1  •44-1*45. 

Often  shows  double  refractiou  similar  to  that  observed  in  colloidal  substances  due  to 
tension.  The  cause  of  the  play  of  color  in  the  precious  opal  was  investigated  by  Brewster, 
who  ascribed  it  to  the  presence  of  microscopic  cavities.  Behreads.  however,  has  given  a 
monograph  on  the  subject  (Bcr.  Ak.  Wieu,  64(1),  1871),  and  has  shown  tbal  this  explanation 
is  incorreci;  he  refers  the  colors  to  thin  curved  lamellae  of  opal  whose  refractive  power  may 
differ  l)y  01  from  that  of  the  mass.  These  are  conceived  to  have  been  originally  formed  in 
parallel  position,  but  have  been  (hanged,  bent,  and  finally  cracked  and  broken  in  the 
aolidificaiion  of  the  groundmass. 

Comp. — Silica,  like  quartz,  with  a  varying  amount  of  water,  SiO,.nH,0. 
The  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  deirrees  of  hardness  and  specific  gravity,  and,  as 
generally  iielieved,  of  incapability  of  crystallization.  The  water  present  varies  from  2  to  18 
p.  c.  or  more,  but  mostly  from  3  to  9  p.  c.  SSmall  quantities  of  ferric  oxide,  alumina,  lime, 
magiiesiu,  and  alkalies  are  usually  present  as  impurities. 

Var  — Precious  Opal. — Exhibits  a  play  of  delicate  colors. 

Fire  opal. — Hyacinth-red  to  honey -yellow  colors,  with  fire-like  reflections,  somewhat 
irised  on  turning. 

Oira*ol.—B\u\sh  white,  translucent,  with  reddish  reflections  in  a  bright  light. 

Common  Opal. — In  part  translucent;  (a)  mUk-opcU,  milk-white  to  greenish,  yellowish, 
bluish;  (b)  Rerinopnl,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster;  (e)  dull  oliye- 
crreen  and  mountain-green;  (<f)  brick  red.  Includes  Semiopal;  (e)  Updrophane,  a  variety 
which  becomes  more  tra'-slucent  or  transparent  in  water. 

CtieIu)long.—Opnq\ie.  bluish  while,  porcelain  white,  pale  yellowish  or  reddish. 

Opal-o gate.— Agnte-hke  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

MenilUe  — In  concretionary  forms;  opaque,  dull  grayish. 

Jasp-opal  Opal  jasper  —  Opul  containing  some  yellow  iron  oxide  and  other  impurities, 
and  havin<?  the  color  of  yellow  jasp<T,  with  the  luster  of  common  opal. 

Wood-opal     Hoi z- opal  Qerm  — Wood  petrified  by  opal. 

Hyalit".  Muller's  Glass. — Clear  as  glass  and  colorless,  constituting  globular  concretions, 
and  crusts  with  a  irlobular  or  botryoidal  surface:  also  passing  into  translucent,  and  whitish. 
Less  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

Fiorite,  Siliceous  Sinter. — Includes  translucent  to  opaque,  prayish.  whitish  or  brownish 
incrustafion.s,  poroiis  to  firm  in  texture:  sometimes  fibrous-like  or  filamentous,  and.  when 
H^.  pearly  in  luster  (then  called  Pearl-nnter);  deposited  from  the  siliceous  waters  of 
hot  "-prings. 

Gef/seritc.—CoDHt'Mw'esi  concretionary  deposits  about  the  geysers  of  the  Yellowstone  Park, 
Icel.-md,  and  New  Zealand,  presenting  white  or  pmyish.  porous,  stalactitic.  filamentous, 
cauliflower  like  forms  often  of  preat  beauty;  also  compact-massive,  and  scaly  massive. 

Flofii  iitone. — In  light  porous  concretionary  masses,  white  or  grayish,  sometimes  cavern- 
ous, rouirli  in  fracture. 

Tripolitc. — Formed  from  the  siliceous  shells  of  diatoms  (hence  called  ffiatomite)  and 
otlifT  microscopic  species,  «nd  occurring  in  extensive  deposits.  Includes  Infvforial  Earth, 
or  KnrViy  TripoHiie  a  very  fine-graitjcd  earth  looking  often  like  an  earthy  ciialk,  or  a  clay, 
but  h.'irsh  tr)  the  feel,  and  scratching  glass  when  rubbed  on  it. 

Pyr.,  etc. — Yields  water,  B.B.  infusible,  but  l>ecr>mes  opaque.  Some  vellow  varieties, 
containinir  iron  oxide,  turn  red.  Soluble  in  hydrofluoric  acid  somewhat  more  readily  than 
quartz:  al^^)  solublo  in  catistic  alkaliefi,  but  more  readily  in  some  varieties  thag  in  others. 

Obs.  — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  as  trachyte,  por- 

1>hyry.  also  in  some  metall*c  veins.    Also  embedded,  like  fiint,  in  limestone,  and  sometimes, 
ike  other  quartz  concretioDS,  in  argillaceous  beds;  formed  from  the  siliceous  waters  of 
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some  hot  spriogs;  often  resulting  from  the  mere  accumulation,  or  accumulation  and  partial 
solution  aod  solidiflcation,  of  tbe  siliceous  shells  of  infusoria,  of  sponge  spicules,  etc., 
which  consist  essentially  of  opul-silica.  Ihe  last  mentioned  is  the  probable  source  of  tbe 
opal  of  limestones  and  argillaceous  beds  (as  it  is  of  flint  in  the  same  rocks),  and  of  part  of 
that  in  igneous  rocks.     It  exists  in  most  chalcedony  and  flint. 

Prseiaus  opal  occurs  in  porphyry  at  Czerwenitza,  near  Kashau  in  Hungary';  at  Graciajs  a 
Dios  in  Honduras;  Queretaro  in  Mexico;  a  beautiful  blue  opal  on  Bulla  Creek,  Queensland. 
Fire-opal  occurs  at  Zimapan  in  Mexico;  the  FftrOer;  near  San  Antonio,  Honduras.  Common 
opal  is  ubuudunt  at  Telkeb&n>'a  in  Hungary;  near  Pernsteiu,  etc.,  in  Moravia;  in  Bohemia; 
Steuzelberg  in  Siebengebirge;  in  Iceland.  Hyalite  occurs  in  amygdaloid  at  Schemnitz, 
Hungary;  in  clinkstone  at  Waltsch,  Bobemia;  at  Snn  Luis  Potosi,  Mexico. 

In  U.  S.,  hyaiite  occurs  sparingly  in  connection  with  the  trap  rock  of  New  Jersey  and 
Connecticut.  A  water-worn  specimen  of  fire-opal  has  been  found  on  the  John  Davis  river, 
in  Crook  Co.,  Oregon. 

Common  opal  i»  found  at  Cornwall,  Lebanon  Co  ,  Penn.;  at  Aquas  Calientes,  Idaho 
Springs,  Colo.;  a  white  variety  at  Mokelumne  Hill,  Calaveras  Co.,  Cal.,  and  on  the  Mt. 
Diablo  range.  Gejrserite  occurs  in  great  abundance  and  variety  in  the  Yellowstone  region 
<cf.  above);  also  siliceous  sinter  at  Steamboat  Springs,  Nevada.  Other  localities  are  given 
by  Kunz,  Gems  and  Precious  Stones  of  N.  A.,  1890. 


II.  Oxides  of  the  Semi-Metals;  also  Molybdenum,  Tungsten. 

Arsenolite.     Arsenic  trioxide,  As«0«.    In  isometric  octahedrons;  in  crusts  and  earthy. 
Colorless  or  white.     G.  =  3*7.     Occurs  with  arsenicnl  ores. 

OUudetite.     Also  AstOj.  but  monoclinic  in  form. 

Senarmontite.  Antimony  trioxide.  SbsOs.  In  isometric  octahedrons:  in  crusts  and 
granular  massive.     G.  =  5  3.     Colorless,  grayish.     Occurs  with  ores  of  antimony. 

Valentinite.     Also  SbsOs,  but  in  prismatic  orthorhombic  crystals. 

Biamite.     Bismuth  trioxide,  Bi^Os.     Pulverulent,  earthy;  color  straw-yelloNv. 

Tellurite.     Tellurium  dioxide.  TeO,.     In  white  to  yellow  slender  i)risniati(5  crystals. 

Molybdite.  Molybdenum  trioxide.  MoOi.  In  capillary  tufted  forms  and  earthy.  Color 
«traw-yellow. 

Tungstite.  Tungsten  trioxide,  W0».  Pulverulent,  earthy;  color  yellow  or  yellowish 
green. 

Oervantite.  SbaOs.SbsOft.  In  yellow  to  white  acicular  crystals;  also  massive,  pul- 
verulent. 

Stibioonite.    HiSbaO*.    Massive,  compact.    Color  pale  yellow  to  yellowish  white. 


m.  Oxides  of  the  Metals.  • 

A.  Anhydrous  Oxides. 

I.  Protoxides,  R,0  and  RO. 

II.  Sesquioxides,  H,0,. 

mil 

III.  Intermediate,  RR,0,  or  RO.R,0„  etc. 

IV.  Dioxides,  RO,. 

The  Anhydrons  Oxides  include,  as  shown  above,  three  distinct  divisions, 
the  Protoxides,  the  Sesquioxides  and  the  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properly 
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to  be  regarded  chemically  as  salts  of  certain  acids  (aluminates,  ferrates,  etc.); 
here  is  included  the  well -characterized  Spinel  Group. 

Among  tlie  Protoxides  the  only  distinct  group  is  the  Periclase  Gboup^ 
which  includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 
Bunsenite,  NiO.     All  of  these  are  isometric  in  crystallization. 

The  Sesquioxides  include  the  well-characterized  Hematite  Group,  R,0,. 
The  Dioxides  include  the  prominent  Rutile  Group,  RO,.  Both  of  thes^ 
groups  are  further  defined  later. 


1.  Protoxides,  R,0  and  RO. 

OUPRTTB.     Red  Copper  Ore.     Rothknpfererz  Qerm. 

Isometric-plagihedral.      Commonly   in    octahedrons;    also  in   cubes  and 
dodecahedrons,   often   highly   modified.     Plagihedral  ^gj 

faces  sometimes  distinct  (see  pp.   50,  51).     Also  mas- 
sive, granular;  sometimes  earthy. 

Cleavage:  o  interrupted.  Fracture  conchoidal, 
uneven.  Brittle.  H.  =  3*5-4.  G.  =  5-85-615. 
Luster  adamantine  or  submetallic  to  earthy.  Color 
red,  of  various  shades,  particularly  cochineal-red, 
sometimes  almost  black;  occasionally  crimson-red  bv 
transmitted  light.  Streak  several  shades  of  brownish 
red,  shining.  Subtransparent  to  subtranslucent.  Re- 
fractive index,  n^  =  2"849  Fizeau. 

—  A.rizoTiA. 

Var. — 1.  (h'dinary.    (a)  Crystnllized;*  commonly  in  octa- 

LedroDs,  dodecabedrons.  cubes,  and  intermediate  forms;  the  crystals  often  with  a  crust  of 

malacliiie;  (6)  massive. 

2.  Capyiary  ;  Chalcotrichit".  Plush  Copper  Ore.  In  capillary  or  acicular  crystalliza* 
tions,  which  are  sometimes  cubes  elongated  iu  the  direction  of  the  cubic  axis. 

3.  Earthy ;  Tile  Ore,  Zicgelerz  Oerm.  Brick-red  or  reddish  brown  and  earthy,  often 
mixed  with  red  oxide  of  iron;  sometimes  nearly  black. 

Comp. — Cuprous  oxide,  Cu^O  =  Oxygen  11'2,  copper  88*8  =  100. 

Pyr.,  etc.— Unaltered  in  tbe  closed  tube.  B.B.  in  the  forceps  fuses  and  colors  the 
flame  emerald  green.  On  cbarcoal  first  blackens,  then  fuses,  and  is  reduced  to  metallic 
copper.  With  the  fluxes  gives  reactions  for  copper.  Soluble  in  concentrated  hydrochloric 
acid,  and  a  strong  solution  when  cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  subcbloride  of  copper. 

Di£f. — Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
and  proustite  and  differs  from  them  iu  the  color  of  the  streak;  reactions  for  copper,  B.B.» 
are  conclusive. 

Obs. — Occurs  at  Kamsdorf  in  Thuringia;  in  Cornwall,  in  fine  crystals,  at  Wheal  Gorland 
and  otlii^r  mines;  in  Devonshire  near  Tavistock;  in  isolated  crystals,  more  or  less  altered  to 
nialncliitc,  ut  Chessy,  near  Lyons,  France;  in  the  Ural;  South  Australia;  also  abundant  in 
Chili.  Peru.  Bolivia. 

In  the  U.  S.  observed  at  Somerville,  etc.,  N.  J.;  at  Cornwall,  Lebanon  Co.,  Pa.;  in  the 
Lake  Supeiior  region.  With  malachite,  limonite,  etc  .  at  the  Copper  Queen  mine,  Bisbee, 
Arizona,  sometimes  in  fine  crystals;  beautiful  ehalcoiriehiU  at  Morenci;  at  Clifton,  Graham 
Co.,  iu  crystals,  and  massive. 

Ice.  H^O.  Hexagonal.  Familiarly  known  in  six-rayed  snow  crystals;  also  coating 
ponds  in  winter,  further  as  glaciers  and  icebergs. 

Periclase  Group. 

Periclase.  Magnesia,  MgO.  In  cul)es  or  octahedrons,  and  in  grains.  Cleavage  cubic. 
H.  =  6.  G.  —  3*67-8  90.  Occurs  in  white  limestone  at  Mt.  Somma;  at  the  Eitteln  manga^ 
nese  mine,  Nordmark,  Sweden. 
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Manganoaite.  Mangaaese  protoxide,  MnO.  lu  isometric  ocf abed rons.  Cleavage  cubic 
H.  =  5-0.  G.  =  5*18.  Color  emernld-greeu,  becoming  black  on  exposure.  From  L&ugbnii 
and  Nordmark,  Sweileu. 

Bnnaenite.    Nickel  protoxide,  NiO.   In  green  octahedrons.    From  JohanQgeorgeastadi. 


ZINOmi.    Red  Oxide  of  Zinc.     lied  Ziuk  Ore.     Rothzinkerz  Germ, 

Hexagon al-hemimorphic.  Axis  i=  1*6219.  Natural  crystals  rare  (Fig. 
50,  |).  18);  usually  foliated  massive,  or  in  coarse  particles  and  grains;  also  with 
granular  structure. 

('leavagc:  c  perfect;  prismatic,  sometimes  distinct.  Fracture  snbconchoidal. 
Brittle.  H.  =  4-4*5.  G.  =  5 '43-5 -7.  Luster  subadaman tine.  Streak  orange- 
yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to  snbtranslucent. 
Optically  +. 

Comp.— Zinc  oxide,  ZnO  =  Oxygen  19  7,  zinc  80*3  =  100.  Manganese 
protoxide  is  sometimes  present. 

Pyr..  etc  — B.B.  infusible;  with  the  fluxes,  on  the  platinum  wire,  gives  reaciiona  for 
mangiinese.  and  on  charcoal  in  U.F.  gives  a  coaling  of  zinc  oxide,  yellow  while  hot,  and 
white  on  cooling.  The  continK.  moistened  with  cobalt  solution  and  treated  in  O.F.,  assumes 
a  green  color.     Soluble  in  ncids. 

Diff. —Characterized  by  its  color,  particularly  that  of  the  streak;  by  cleavage;  by 
reactions  B.B. 

Obs. — Occurs  with  franklinite  and  willemite,  at  Sterling  Hill  near  Ogdensburg,  and  at 
Mine  Hill,  Franklin  Furnace.  Sussex  Co.,  N.  J.,  sometimes  in  lamellar  masses  in  pink 
calcile.     A  not  uncommon  furnace  product. 

Maaaicot.    Lead  monoxide,  PbO.     Massive,  sculy  or  earthy.     Color  yellow,  reddish. 

Tenorite.  Cnpric  oxide,  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vesuvius.  Also  black  earthy  massive  (melaeontte);  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn..  and  Keweenaw  Point,  Lake  Superior. 

Paramelaoonite  is  essentially  cupric  oxide.  CuO,  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Arizona. 


Hematite  Group.     R,Os.     Bhombohedral. 

rr'  6 

Comndmn  Al.O,  93°  56'  1-3630 

Hematita  Fe,0«  94''    0'  1*3656 

nmenite  (Fe,Mg)O.TiO,  Tri-rhombohedral      94**  29'  13846 

Pyrophanite         MnO.TiO,  "  94°    5i'         13692 

The  Hematite  Oroup  embraces  the  sesquioxides  of  alamiainm  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  system  with  a  fundamental 
rhombohedron  differing  but  little  in  angle  from  a  cube.  Both  the  minerals 
belonging  here,  Hematite  and  Corundum,  are  hard. 

To  these  species  the  titanates  of  iron  (and  magnesium)  and  manganese^ 
Ilmenite  and  Pyrophanite,  are  closely  related  in  form  though  l>elon^ug  to  the 
tri-rhombohedral  group  (phenacite  type);  in  other  words,  the  relation  between 
hematite  and  ilmenite  may  be  regarded  as  analojOfons  to  that  between  calcite 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  titanium, 
and  an  artificial  isomorphous  compound,  Ti,0,,  has  been  described.  Hence 
the  ground  for  writing  the  formula  of  ilmenite  (Fe,Ti),0„  as  is  done  by  some 
authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mg)TiO,  is 
more  correct. 


OORUNDUBC 

Khomboliedral.  Azi8^=  I'Z 
cr,  0001  AlUil  =  57*84'. 
en.  000lA2243  =  «r  11'. 
rt'.  ItiilAllOl  =Ba*66'. 
nn,'.  334»a34S3  =  51°  68". 
w".  M83A*84a  =  5T'88'. 
m",    2a4iA2i2l  =  5a"55'. 

Twins:  tw.pl.r;  sonietimeB 
penetration-twins;  often  poly- 
eyiithntic,  and  tlius  producing 
a  luminuted  strncture.  Crys- 
tals iiBimll;  rough  iittd  roundud. 
Also  maaaive,  with  nearly  rect- 
angular parting  or  pseudo- 
cleavage;  grauDiar,  coarse  or 
fine. 

Parting:  c,  sometimes  per- 
fect, but  interrupted;  also  r  due  to  twinning,  often  prominent;  a  less  distinct. 
Fracture  uneven  to  conehoidal.  Brittle,  wnen  compact  very  tough.  H.  =  9. 
G.  =  ;t95-4*IO.  LuBter  adumantiue  to  vitreoiiB;  on  c  Bometimes  pearly.  Oc- 
casionally showing  aBierisni,  Color  blue,  red,  yellow,  brown,  gray,  and  nearly 
white;  streak  uncolored.  Pleochroic  in  deeply  colored  varieties.  Transparent 
to  translucent.  Normally  uniaxial,  negative;  for  sapphire  a)f=  I-T676  to 
1-76&2  and  e,  ^  1-7594  to  1-T59«  Dx.     Olten  abnormally  biaiial. 

Vor. — There  arc  tlireeatibdivialoasot  tlieatiectee  promlneully  rccoguized  In  thesrts,  but 
«lUIeriug  only  in  piirttj  nni)  elale  nf  crjslijlllza'ioii  or  structure. 

Vau.  I.  Sapphikb.  Rdsv. — Iiidud<-e  tbc  jmrer  klii(lB<if  flue  colors.  traDBpnrcDt  to  Irsos- 
tuceui,  useful  aa  gems  Stones  are  umiied  hccordiDK  tu  Ibelr  colon:  Sapphire  blue:  triM 
Su^,  or  Oriental  Rubfi,  reil;  O.  Topat,  yrllow;  O.  Emerald,  grveu;  0.  Attutkytt,  purpla. 
AvHrie'j  badng  s  stellate  opaleiceuce  wlieo  viened  In  tlie  direction  of  Ifae  veilfcal  mUaf 
Die  cri  nUI,  te  itie  AtU-iaUd  Sapphire  or  Sinr  Stipptiire. 

3.  ConiTNDnK. — Includes  tlie  kluils  aX  dark  onlnll  colors  and  onl  tmiiFnaretit,  colon 
liglit  blue  (ogray.  brown,  mid  black.  The  or  ^fnal  adiim-mtine  upar  from  ludia  lias  a  dark 
grayish  «m<<ky-br»wu  lint,  but  greenish  nr  bluleli  l)y  tmiifiDiUleil  Ifghl.  whi'n  tninKlurent. 

3  Embrt.  Bcbmlrgel  Oertn  — Iiiclndea  jcmnular  coruudum,  of  b1a<'k  or  grnyiitb  black 
color,  snd  contain*  mnRtie'tte  or  lienmiiie  littlmsiely  mixed.  Somtilmrn  nsKicfaied  wilt 
iron  spinel  or  ijercynile.  FecU  and  looks  much  like  a  black  fine-grained  Iron  nre.  wbicb  It 
was  long  crinBicic-i'd  io  he.  There  are  pradatiiina  from  (he  eveuly  litie  gruioed  emery  to 
kinds  in  which  ih.  corundum  is  In  dlslluct  crystnU. 

Comp.— Alumina,  A!,0,  —  Oxygen  47-1,  alnminium  52  9  =  100.  The  crys- 
tallized varieties  are  essentially  pure;  analyses  of  emery  show  more  or  less 
impnnty,  chiefly  magnetite. 

Pyr..  etc.— B  B.  nnnllercd;  sluwly  disnnlved  In  borni  and  salt  of  phoKphnrus  to  a  clrar 
gin™,  n hii'li  is  colorloss  wheo  free  from  iron;  nol  nited  upnn  by  soda.  Thi-  finely  pulver- 
lited  miiu'rnl.  ;ifter  long  healing  niib  cnl)a!t  3<iIui!oq,  irives  a  l>e<JU1ifu1  blue  rolor.  Not 
ncied  u|Hin  by  acidit,  but  converted  Into  a  soluble  compound  by  fusion  with  potassium 
bUulphnte 

Difl. — Characterited  by  lis  hardness  fx-mlching  quartz  and  topaz),  by  Its  adnmantln* 
loiter,  hvh  cpeclflc  gravity  and  infnuibiliiy.  The  ma8>lve  variety  with  rbombohedrel 
parting  rewmbles  eleavahle  feldspar  bu'  Is  mucli  brndiT  nnd  denser. 

Oba. — Usually  occurs  in  crystidliiie  rcickR.  ax  gmniilxr  limestone  or  dolomite,  gnelaa, 
granite,  mica  Klale,  cblnrlle  slate  Tlii-  nswv-U'ed  tuinenils  often  include  some  apeciraof 
^«  {•Uaril*  group,  ■•  prochloriie,  corundophilite,  margarlte,  also  lourmaliDe,  aplud. 
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cyauite.  diaspore,  and  a  series  of  aluminous  miuerals,  in  part  produced  from  its  alteration. 
Occasionally  found  in  ejected  masses  enclosed  in  younger  volcanic  rocks,  as  at  KOnigs- 
winter,  Niedermeudig,  etc.  Rarely  observed  ns  a  contact-mineral.  The  fine  sapphires  are 
usually  obtained  from  the  beds  of  rivers,  either  in  moditied  hexagonal  prisms  or  in  rolled 
musses,  accompanied  by  grains  of  magnetite,  and  several  kinds  of  gems,  as  spinel,  etc 
The  emery  of  Asia  Minor,  Dr.  Smith  states,  occurs  in  granular  limestone. 

The  best  rubies  come  from  the  mines  in  Up|>er  Burma,  north  of  Mandalay,  in  an  area 
covering  2-1  to  30  square  miles,  of  which  Mogok  is  the  center.  The  rubies  occur  i?i  situ  in 
crystalline  limestone,  also  in  the  soil  of  the  hillsides  and  io  gem-bearing  gravel.  Blue 
sapphires  are  brought  from  Ceylon,  often  as  rolled  pebbles,  aUo  as  well-preserved  crystals. 
Corundum  occui-s  in  the  Carnatic  on  the  Malabar  coast,  on  the  Chantibun  hills  in'Siani, 
and  elsewhere  in  the  East  Indies;  also  near  Canton,  China.  At  ISt.  Gothard,  it  occurs  of  a 
red  or  blue  tinge  in  dolomite,  and  near  Mozzo  in  Piedmont,  in  white  compact  feldspar. 
Adamantine  spar  is  met  with  in  large  coarse,  hexagonal  pyramids  in  Gcllivata,  Sweden. 
Other  localities  are  in  Bohemia,  near  Petschau;  in  the  limeu  mountains,  not  far  fr.-m 
Miask;  in  the  gold-washings  northeast  of  Zlatoust.  Corundum,  sapphires,  and  less  often 
rubies  occur  in  roiled  pebbles  in  the  diamond  gnivels  on  the  Cudgegong  river,  at  Mudgee 
and  other  points  in  New  South  Wales.  Emery  is  found  in  large  bowlders  at  Naxos,  Nicaria, 
and  Samos  of  tlfiB  Grecian  islands;  also  in  Asia  Minor.  13  m.  E.  of  Ephcsus,  near  Gumuch- 
dagh  and  near  Smyrna,  associated  with  margarite,  chloritoid,  pyrite. 

In  N.  America,  in  Missitefiuaetts,  at  Chester,  with  magnetite,  diaspore,  ripidolite,  mar- 
garite, etc.,  mined  for  use  as  emery.  In  Gonnecticut.  near  Litchfield.  In  New  York,  at 
Warwick,  bluish  and  pink,  with  spinel;  Amity,  in  gran,  limestone;  emery  with  magnetite 
and  green  spinel  (hercyuite)  in  Westche>ter  Co.,  near  Cruger's  Station,  and  elsewhere.  In 
New  Jersey,  at  Newton,  blue  crystals  in  gran,  limestone;  at  Vernon.  In  Pennsyltania,  in 
Delaware  Co,  in  Aston,  near  Village  Green,  in  large  crystals;  at  Mineral  Hill,  in  loose 
cryst.;  in  Chester  C  > ,  at  Unionyille.  abundant  in  crystids;  in  h\T\se  crystals  loo-e  in  the  soil 
at  Shimersville,  Lehigh  Co.     In  Virginia,  in  the  mica  schists  of  Bull  Mt.,  Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  and 
South  Carolina  and  Georgia  to  Dudley ville,  Alabama;  especially  in  Madison,  Buncombe, 
Haywood,  Jackson,  Macon,  Clay,  and  Gaston  counties  in  North  Carolina.  The  localities 
at  which  most  work  has  been  done  are  the  Culsigee  mine.  Corundum  hill,  near  Franklin, 
Macon  Co.,  N.  C.  and  26  miles  S.  E.  of  this,  at  Laurel  Creek.  Ga.  Th<-  corundum  occurs 
in  be^s  in  chrysolite  (and  serpentine)  and  hornblendic  gneiss,  a-sociated  with  a  species  of 
the  chloiite  group,  also  spinel,  etc..  and  here  as  elsewhere  with  many  minerals  resulting 
from  its  alteration.  Some  fine  rubies  have  been  found.  Fine  pink  crystjils  of  conmdum 
occur  at  Hiawassee.  Towns  Co.,  Georgia.     In  Colorado,  small  blue  crystals  occur  in  mica 


drift  of  San  Francisqueto  Pass.     In  Canada,  at  Burgess,  Ontado,  red  and  blue  crystals. 


HBBSATm].    Eisenglanz,  Oerm. 
Ehombohedral.     Axis  6  =  1*3656. 

cr,  0001  A  1011  =  57"  87'. 
-V,  1011  A  1101  =  94'  0'. 
da,  0113  A  1012  =  e^**  51'. 


uu\  1014  A  il04 
nn\  2243  A  2423 
en,    0001  A  2243 


87*    2*. 

5r  sy. 

61'  13'. 


tfb6. 


667. 


658. 


660. 


659. 


Twins:   tw.  pi.  (1)  c,  penetration -twins;    (2)  r,  less  common,  usually 
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poly  synthetic  twinning  lamellae,  producing  a  fine  striation  on  c,  and  giving  rise 
to  a  distinct  parting  or  pseudo-cleavage  ||  r.  Crystals'  often  thick  to  thin 
tabular  ||  c,  and  grouped  in  parallel  position  or  in  rosettes;  c  faces  striated 
y  edge  c/d  and  other  forms  due  to  oscillatory  combination;  also  in  cube-like 
rhombohedrons;  rhombohedral  faces  u  (10l4)  horizontally  striated  and  often 
rounded  over  in  convex  forms.  Also  columnar  to  granular,  botryoidal,  and 
stalactitic  shapes;  also  lamellar,  laminae  joined  parallel  to  c,  and  variously 
bent,  thick  or  thin;  also  granular,  friable  or  compact. 

Parting:  c,  due  to  lamellar  structure;  also  r,  caused  by  twinning.  Frac- 
ture subconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic  in  thin 
laminae;  soft  and  unctuous  in  some  loosely  adherent  scaly  varieties.  U.  = 
5'5-6'5.  G.  =  4  9-5*3;  of  crystals  mostly  520-5 '25;  of  some  compact  varieties, 
as  low  as  4*2.  Luster  metallic  and  occasionally  splendent;  sometimes  dull. 
Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood-red  by  trans- 
mitted light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown.  Opaque, 
except  when  in  very  thin  laminae. 

Var.  1.  Specular,  Luster  metallic,  nnd  crystals  often  splendent,  whence  tbe  name 
specular  iron  (Giauzeisenerz  Germ).  When  the  structure  is  foliated  o^  micaceous,  the 
ore  is  called  micaceous  hematite  (Eiscnglimmer  Germ.):  some  of  the  micaceous  varieties  are 
soft  nnd  unctuous  (Eisenrahm  Germ.).  Some  varieties  are  magnetic,  but  probably  from 
admixed  muguetite  (Arts.  424,  426). 

2.  Compact  columnar;  or  fibrous.  The  masses  often  long  radiating;  luster  submetallic 
to  roetnllic;  color  brownish  red  to  iron-black.  Sometimes  called  red  hematite,  to  contrast  it 
with  linionite  aud  turgite.    Often  in  reniform  masses  with  smooth  fracture,  cnlled  kidney  ore. 

3.  Red  OcherouB.  Red  and  earthy.  Beddle  and  red  diaUc  arc  red  ochcr,  mixed  with 
more  or  less  clay. 

4.  Clay  Iron-stone ;  Argillaceous  hematite.  Hard,  brownish  black  to  reddish  brown, 
often  iu  part  deep  red;  of  submetallic  to  uumetallic  luster;  and  affording,  like  all  the 
preceding,  a  red  streak.  It  consists  of  oxide  of  iron  with  clay  or  sand,  and  sometimes  other 
impurities. 

Comp. — Iron  sesquioxide,  Fe,0,  =  Oxygen  30,  iron  70  =  100.  Sometimes 
contains  titanium  and  magnesium,  and  is  thus  closely  related  to  ilmenite, 
p.  336. 


_  r.,  etc.— B.B.  infusible;  on  charcoal  In  R.F.  becomes  magnetic;  with  borax  gives 
the  iron  reactions.  With  soda  on  charcoal  in  R.F.  is  reduced  to  a  gray  magnetic  metallic 
powder.     Soluble  in  concentrated  hydrochloric  acid. 

Diff.— Distingtiished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  bv  its  not  contaiuing  water;  from  turgite  by  its  greater  hardness  and  by 
not  decrepitating  B.B.  It  Is  hard  in  all  but  some  micaceous  varieties  (hence  easily 
distinguished  from  the  black  sulphides) ;  also  infusible,  and  B.B.  becomes  strongly 
magnetic. 

Obs.— This  ore  occura  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to 
crystnlline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes, 
ns  at  Vesuvius.  Many  of  the  geological  formations  contain  the  argillaceous  variety  or  clay 
iron-stone,  which  is  mostly  a  marsh-formation,  or  a  deposit  over  the  bottom  of  shallow^ 
stagnant  water;  but  this  kmd  of  clay  iron-stone  (that  giving  a  red  powder)  is  .ess  common 
than  the  corresponding  variety  of  limonite.  The  beds  that  occur  in  metamorphic  rocks  are 
sometimes  of  very  great  thickness,  and,  like  those  of  magnetite  in  the  same  situation,  have 
resulted  from  the  alteration  of  stratified  beds  of  ore,  originally  of  marsh  origin,  which  were 
formed  at  the  same  time  with  the  enclosing  wcks.  and  underwent  metamorphism,  or  a 
change  to  the  crystalline  condition,  at  the  same  time. 

Beautiful  crystallizations  of  this  species  are  brought  from  the  island  of  Elba,  which  has 
afforded  it  from  a  very  remote  period;  the  surfaces  of  the  crystals  often  present  an  iristd 
tarnish  and  brilliant  luster.  St.  Gothard  affords  beautiful  specimens,  composed  of  crys- 
tallized tables  grouped  in  the  form  of  rosettes  (Eisenrosen):  near  Limoges,  France,  in  large 
crystals;  fine  crystals  are  the  result  of  volcanic  action  at  Etna  and  Vesuvius.  Arendal  in 
Norway.  L&ngban  and  Nordmark  in  Sweden,  Framont  in  Lorraine,  Dauphlne,  Binnenthal 
and  Tavetsch,  Switzerland,  also  Cleator  Moor  in  Cumberland,  afford  splendid  specimens. 
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Red  bematite  occurs  iu  reniform  masses  of  a  fibruuscoiicenlric  structure,  near  Ulvcrstone  io 
littncashire.  iu  Saxony,  Bobemiu.  and  ibe  Harz. 

Id  N.  America,  widely  tlislribuled,  and  sometimes  in  beds  of  vast  tbickuess  in  rocks  of 
tbe  Archaean  age,  as  iu  the  upper  p(uinsula  of  Micbigan,  in  the  Marquette  district,  also  iu 
Jienomiuee  county  and  west  of  Lake  Agogebic  in  Gogebic  county;  further  tbrougb  nortbem 
Wisconsin,  in  Florence,  Ashland  and  Dodge  Cos  ,  and  in  Minnesota  near  Vermilion  lake, 
&i.  Louis  Co.;  in  Missouri,  at  the  Pilot  Knob  and  the  In>n  Mtn. 

In  New  York,  iu  Oneida,  Hcikimer,  Madison,  Wayne  Cos  ,  a  lenticular  urgillaceoua 
Tar  ,  constituting  one  or  two  beds  in  tne  Cliutou  group  tif  tbe  Upper  Silurian;  the  same  iu 
Penusylvauia,  and  as  far  south  as  Alalmuni;  anil  in  Canada,  and  Wisconsin  to  the  west; 
•in  AUibania  tbere  are  extensive  beils;  prominent  nunes  are  near  Birmingbam.  Besides 
tliese  regions  t)f  enormous  beds,  tbere  are  numerous  oibers  of  workable  value,  either 
crysudlized  or  argillaceous.  Some  of  these  localities,  interesting  for  their  specimens,  are 
in  northirn  New  York,  at  Gouverueur.  Antwerp,  Hi rmon.  Edwards.  Fowler,  Canton, 
«tc. ;  Woodstock  and  Aroostook,  Me. ;  at  Hawley,  Mass.,  a  micaceous  variety;  in  Nortli  and 
South  Carolina  a  micaceous  variety  in  schistose  rocks,  constituting  the  so-called  tpeeiUtir 
se/iiit,  or  itabii^Ue. 

Named  hematite  from  at  in  a  ^  blood. 

Martitb.  Iron  sesijuioxide  under  an  isometric  form,  occurring  in  octahedrons  or 
dodecahedrons  like  magneiito,  and  believed  to  be  pseudomorphous  after  magne  ite;  perhaps 
in  part  also  after  pyrite.  Pariing  octahednil  like  magnetite.  Fracture  concboidal.  H.  = 
j6-7.  G.  =  4*8  ^Brazil)  to  5*8  (Monroe).  Luster  subineudlic.  Color  iron-black,  sometimes 
with  a  bronzed  tarni»h.  Streak  reddish  brown  or  purplish  brown.  Not  magnetic,  or 
only  feebly  so.  Tbe  crystals  are  sometimes  embedded  in  tbe  massive  sesquioxide.  They 
are  distinguit^hed  from  magoeiite  l>y  tli(;  red  streak,  and  very  feeble,  if  any,  action  on  the 
magnetic  needle  Found  in  the  Marquette  in>n  region  stmih  of  Lake  Superior,  where 
crystals  are  common  in  tbe  ore;  Mooi-oe,  N.  Y. ;  Digby  Co.,  N.  S  ;  at  tb«;  Cerro  de  Mercado, 
Durango.  Mexico,  in  large  octahedrons;  in  the  schists  of  Minas  Geraes,  Brazil;  near  Rilters- 
grlin.  Saxony. 


IliMENITB  or  Mbnaccanitb.     Titanic  Iron  Ore.     Titaneisen  Qerm, 

IVi-rliombohedral;  Axis  t  =  1-384C. 

661 .  662,  cr,   0001  A  lOil  =  57*  SSf. 

rr\  lOil  AlIOl  =9^2^. 
en.  0001  A  2243  =  61*  SS*. 

Crystals      usually      thick 
tabular;    also  acute  rhombo- 
bedral.     Often  in  thin  plates 
or    lamiusB.     Massive,    com- 
pact; in  embedded  grains,  also  loose  as  sand. 

Fracture  conchoidal.  H.  =  5-6.  6.  =  4'5-5.  Luster  submetallic.  Color 
iron  black.  Streak  submetallic,  powder  black  to  brownish  red.  Opaque. 
Inflnences  slightly  the  magnetic  needle. 

Comp.,  Var.— if  normal,  FeTiO,  or  FeO,TiO,  =  Oxygen  31*6,  titanium  31-6. 
iron  36-8  =  100    Sometimes  written  (Fe,Ti),0,,  but  probably  to  be  regarded  as 
an  iron  titnnate.    Sometimes  also  contains  magnesium  {picrotitnnite),  replacing 
^the  ferrous  iron;  hence  the  general  formula  (Fe,Mg)O.TiO,  (Penfield). 

Pvr.  «tc.-B.B  infusible  in  OF.,  iiltliough  sliphtly  rounded  on  the  edees  in  R.F. 
"Willi  bornx  nud  salt  of  phosphoriis  reaets  for  iron  in  OF.,  and  with  the  latter  flux  assumes 
a  mon-  or  less  intense  lirownish  red  color  in  R.F;  this  treated  with  tin  on  charcoal  changes 
{o  a  violet-red  color  when  the  am<uint  of  titanium  is  not  too  small.  The  pulverized  minoral, 
heated  wi  h  livdmcliloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  nndcconiposed  mineral  and  boiled  with  tl»e  adilition  of  tinfoil,  assumes  a  beautiful  blue 
or  vio'rt  color.     Decomposed  by  fusion  with  bisulphate  of  sodium  or  i>otassium. 

Diff  —  liesembles  hematite,  but  has  a  submetallic,  nearly  black,  streak;  not  magnetic 
]ike  magnetite. 

Obs.— Occurs,  as  an  acce&sory  component,  in  many  igneous  rocks  in  grains,  assuming 


Stmut  firiwaiml  Zdrnigwu:  tnciJiiK»  wv  ^  Onffc«?iKf^  Din^ni^  t^wr.  ^fwMMMkr-l: 
11.  \ht  Jjmgm  Mi&.   iJHVMBiru  iii  Uir  Icwm  of  looxi  ax  Mciiaoniik  CVni«V.l  (fMmMvmwt- 
Hrf.  Gmucu.  m  Tvrul  .tihorinftuaur..  l<a»kjt   Mirviir       Oar  ^  Uk*  Ti»t-c^  nsMtji*)cfch)e  »  M 

OnOigt:  C> ..  y.  Y..  Lhrtilk-M.  Co.  xi.  {waMMgtmuAi  T»s«  ^i«c^t<  or  hc<k  t^f  U;Miiir  «*«^ 
occur  s.t  Bbv  S  .  Pnui  iit  Quc-bec  Cainiiit.  ic  ^venite;  »)9«o  in  lUe  SetincH^ri  <^f  Sk  Tt9i»<iK 
Beat>*t:  I  -  ■-     <rnitiH>  kjn-  f i  •uad  is  i]»e  go^  skMtd  «  f  CVlifMvm. 

T)ie  ti  iiij'tc  ircm  <*'  mawJie  locks  k  exlatsrvriv  aJteird  io  a  dull  wl  ite  «^|«iq«f  «mK4»vi<ik 
called  Irutxmti^  in  GiLiiibci.     T\at  Iit  ibe  nKfri  frnxx  is  lo  be  KWulitw^  wiiw  niantTfv. 

Pyrophasalft.  XanfiipeBe  utande.  1Ib110».  Ib  tbia  labtiW  ib^vmU^icdral  crx^s^li 
aad  M-aiefc  ut^r  ilaieaiie  ia  fona  {^  SSSi  U.  =  ^  G.  =  4*5^.  Lusarr  viiitHHl»  u>  Mib^ 
meialbc.    Color  deep  blood  red.    8u«ak  ocber>jidb>w.    From  ibe  Uaivti$  mia^.  lV)*bH|t. 

&\ 


III.    Intermediate  Oxides* 


The  species  faere  incloded  are  retained  nmong  the  oxid^  although 
chemicallT  oonddered  they  are  properiT  oxvgen-salts«  aluminaUA,  f<^rniiei» 
manganates,  etc^  and  faenoe  in  a  strict  classification  to  be  placed  in  section  & 
of  the  Oxygen-salts.    The  one  well-charactenied  group  is  ttie  Spinel  Qroup^ 


nm  n       m 


Spinel  Group.  RR,0«  or  RO.R,0,.    Isometria 

Spinel  MgO.Al,0, 

Ceylonite  (Mg.  Fe)0.  A1,0, 

Chiorospinel  MgO.  ( Al,Fe),0, 

Picotito  (Mg,Fe)0.(Al,Cr),0, 


FeO.Al.O, 
Gahnite     (Antomolite)     ZnO.Al.O. 

Dysluite  (Zn,Fe,Mn)0.(Al,Fe),0, 

Kreittonite  (Zn,Fe,Mg)0.(Al,Fe),0, 

Magnetite  FcO.Fe,0. 

(Fe,Mg)O.Fe,0. 
Magnesioferrite  MgO.Fe.O, 

Franklinite  (Fe,Zn,Mn)0.(Fe,Mn),0, 

Jacobsite  (Mn,Mg)0.(Fe.Mn),0. 

Chromite  FeO.Cr.O, 

(Fe,Mg)0.(Cr,Fe),0. 

The  species  of  Spinel  Gronp  are  characterized  by  isometric  orystalliiation» 
and,  fnrther,  the  octahedron  is  throughout  the  common  form.  All  of  the  species 
are  hard;  those  with  nnmetallic  luster  up  to  7-5-8,  the  others  from  6*5  to  0*5. 
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SPINBL. 


Isometric.    Usually  in  octahedrons,  rarely  cubic.      Twins:    tw.-pl.  and 

comp.-face  o  common  (Fig.  663),  hence 
^^^-  ^^^  often    called    spineUtioins ;   also   re- 

peated and  polysynthetic,  producing 
tw.  lamellae. 

Cleavage:  o  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =8.  G.  = 
3*5-41.-  Luster  vitreous;  splendent 
to  nearly  dull.  Color  red  of  various 
shades,  passing  into  blue,  green,  yellow, 
brown  and  black;  occasionally  almost 
white.  Streak  white.  Transparent  to 
nearly  opaque.    Refractive  index:  Wy  —  1*7155  Na,  Dx. 

Comp.,  tar. — Magnesium  aluminate,  MgAl,0^  or  MgO.Al,0,  =  Alumina 
71*8,  magnesia  28*2  —  100.  The  magnesium  may  be  in  part  replaced  by 
ferrous  iron  or  manganese,  and  the  aluminium  by  ferric  iron  and  chromium. 

Var. — KuBY  Spinel  or  Magnesia  Spinel. — Clear  red  or  reddisb ;  trnnsparviDt  to  trans- 
luceut;  sometimes  subtrausluceDt.  G.  =  3'63-3*71.  Composition  normul,  wiih  little  or  no 
iron,  and  sometimes  chromium  oxide  to  wbich  the  |red  color  has  been  ascribed.  The 
varieties  are:  (a)  Spinel- Ruby,  deep  red;  {b)  BaUu-Buay,  rose-red;  {e)  Bubicelle,  yellow  or 
orange-i*cd;  {d)  Almandine,  violet. 

Cbtlonite  or  Pleonaste,  Iror^Magnetia  Spinel. — Color  dark  green,  brown  to  black, 
mostly  opaque  or  nearly  so;  G.  =  8*5-3*6.  Contniiis  irou  replaciu^  the  magnesium  and 
perhaps  also  the  aluminium,  hence  the  formula  fMg,Fe)0.Al30t  or  ^Mg,Fc)0.(Al,Fe)«0|. 

CHLOBOSPiNifiL  or  Mog nesia-Ifon  Spinel. — Color  grass-green,  owing  to  the  presence  of 
copper;  G.  =  8'591-3'594.     Contains  iron  replacing  tne  aluminium,  MgO.(Al,Fe)«Os. 

PicoTiTB  or  Chrome- Spinel. — Contains  chromium  and  also  has  the  inaguesiiim  largely 
replaced  by  iron,  (Mg,Fe)0.(Al,Cr)iOs,  hence  lying  between  spinel  proper  and  chromite. 
G.  =  4*08.    Color  dark  yellowish  brown  or  greenish  brown.    Translucent  to  nearly  opaque. 

P3rr  ,  etc. — B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readily  m  salt  of 
phosphorus,  with  which  it  gives  a  reddish  b€^d  while  hot,  becoming  faint  chrome- green 
on  cooling.  Black  varieties  give  reactions  for  iron  with  the  fluxes.  Soluble  with  difiiculty 
in  concentrated  sulphuric  acid.     Decomposed  by  fusion  with  potassium  bisulphate. 

Diflf.— Distinguished  by  its  octahedral  form,  hardness,  and  infusibility;  zircon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  838)  is  harder  and  is  distinguislied  optically; 
garnet  is  softer  and  fusible. 

Obs.— Spinel  occurs  embedded  in  granular  limestone,  and  with  calcite  in  serpentine, 
gneiss,  and  allied  rocks.  Ruby  spinel  is  a  common  associate  of  the  true  ruby.  Common 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite)  occurs  as  an 
accessory  constituent  in  many  basic  igneous  rocks,  especially  those  of  the  peridotite  group  ; 
it  is  the  result  of  the  crystallization  of  a  magma  very  low  in  silica,  high  in  magnesia  and  con- 
taining alumina:  since,  as  in  many  of  the  peridotites  alkalies  are  absent,  feldspars  cannot 
form,  and  the  AUOa  and  CriO«(also  Fe«Oi  perhaps)  are  compelled  to  form  spinel  (or  corun- 
dum).    The  serpentines  which  yield  spinel  are  altered  peridotites. 

In  Ceylon,  in  Siam,  and  other  eastern  countries,  occurs  of  beautiful  colors,  as  rolled 
pebbles:  in  upper  Burma  with  the  ruby  (cf.  p.  834).  Pleonaste  is  found  at  Candy,  in 
Ceylon;  at  Aker,  in  Sweden,  a  pale  blue  and  pearl  gray  vnriety  in  limestone:  small  black 
splendent  crystals  occur  in  the  ancient  ejected  masses  of  Monte  Somma;  also  at  Pargas, 
Finland,  with  chondrodite.  etc  ;  in  compact  gehlenite  at  Monzoni,  in  the  Fassa  valley. 

From  Amity,  N.  Y.,  to  Andover.  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of 
granular  limestone  and  serpentine,  in  which  localities  of  spinel  abound:  colors,  green, 
black,  brown,  and  less  commonly  red,  along  with  chondrodite  and  other  minerals. 
Localities  are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall:  Gouverneur. 
2  m.  N.  and  }  m.  W.  of  Somerville,  St.  Lawrence  Co.;  green,  blue,  and  occasionally  red 
varieties  occur  at  Bolton,  Boxborough.  etc..  Mass.  Franklin,  N.  J.,  affords  crystals  of 
various  shades  of  black,  blue,  green,  and  red;  Newton,  Sterling.  Sparta,  Hamburgh  and 
Vernon,  N.  J.,  are  other  localities.    With  the  corundum  of  North  Carolina,  as  at  th* 
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Ciilsagec  miae,  near  Franklin,  Hscod  Co.;  aimilnrly  at  Dudlejvllle,  AUbama.  Spiuel 
tuUy  at  Gold  Bluff,  Humboldt  Co..  Cal. 

Uood  bluck  si'lutl  is  fuuud  lu  Burgess,  Ontario;  a  bluisb  spinel  bftvini;  a  rougb  cubic  form 
occurs  at  WakeHeld,  Ottawa  Co.;  blue  wlib  cllutouiM  itt  Duillebuut,  Juliette  Co.,  Quebec. 

Harcyntto.  Iron  Spinel,  FeAliO,.  Isometric;  nuuive,  Hue  granular.  H.  =  T'5-8. 
O.  =  iS9l-3  95.  Culor  black.  From  Ronsberg.  at  ibe  easteru  font  u(  llie  BOhmerwald. 
Aruluted  iron-ulumina  suluel,  nitb  about  Bp.  c.  HgO,  occurs  witbniagnetileaudcoruuduiii 
io  Curtlanill  townsbip,  Weslcbealer  Co.,  N.  Y. 

aAHNTTB.     Zlric-Spiuel. 

Isometric.  Habit  octahedral,  often  witn  faces  striated  [etlge  d/o;  also 
less  commonly  in  dodecaliedrona  aud  modified  cubes.     Twins:  tw.-pl,  o. 

Cleavage:  o  indistinct.  Fracture  conchoidal  to  nneTeD.  Brittle.  U.  =: 
7'5-8.  G.  —  4'0-4-6.  Luster  vitreoua,  or  somewhat  greasy.  Color  dark  green, 
gi-ayish  green,  deep  leek-green,  greeuisU  black,  bluisk  block,  yellowish,  or 
grayish  brown;  streak  grayish.     Subtranaparent  to  nearly  opaque. 

Conp.,  Var,— Zinc  aluminate,  ZnAI,0,  =  Alumina  o5'7,  zinc  oxide  44 '3  = 
100,  Tlie  zinc  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iron. 

Var,— ACTOMOLiTB.  or  Ziae  QoAni'fa.—ZDAI.O,,  with  somellmc*  a  little  iron.  G.  =  4-1- 
40.     Colors  as  iibove  given. 

DvBUJiTK,  or  ZincManganete-Tran  ffoftniM.— (Zn,Fe,Mn)0  (Al,Fe),0..  Color  yellow. 
Isb  browo  or  grayish  brown.     Q,  =  4-4-G. 

Krbittonitb,  or  Zinc,  Iron  Oo/inifcr.— (ZnFe.Mg)0.(A1,Fc)iO,.  In  cryslnls,  aDd 
grauulur  massive.  H  =  7-8,  G.  =  4-48-4-B9.  CoFor  velvet-black  Io  greentsli  black; 
powder  grajisb  gi-ei-n.    Opaque. 

Pyr.,  etc. — Gives  a  coatiug  of  zinc  oxide  wlien  treated  wilb  a  mixture  of  borax  and 
■od.i  on  cliar(K>:il:  ulberwlse  like  Bpioel. 

Obs.— Occurs  iu  talcose  scblst  at  Falun,  ^weAi-n  (fiutomaliUi);  at  TIrlola.  Cnlabria;  at 
Bodenmais,  Bavariii  (kreiUonite);  Minus  Geiaes.  Brazil.  Id  tlie  U.  S.,  at  Franklin  Furnace, 
N.  J.,  wilb  fiaiikliniti^  and  willemile:  also  at  Sterling  Hill,  N.  J.  (dutiuiU);  wilb  pyrtte  at 
Ilowe.  Mass.;  al  a  feblxpar  quarry  In  Delaware  Co.,  Penu,;  sparingly  al  tlie  Deake  mfca 
mine,  Mllcliell  Co..  N.  C  :  at  Ibe  Canton  Mine,  Georg'a;  willi  galena,  clial cop; rite,  pyrite 
at  tbe  Colnpaii  mine.  Clinffee  Co.,  Colo. 

Naiiieil  after  the  Swedish  cbemial  Oahn.  The  name  .dntotnoiii*.  of  Ekeberc,  Is  from 
avTunaKoi.  a  deterter,  alluding  to  tlie  fatt  of  tbe  zinc  occurring  In  au  unexpected  place. 


MAaNBTTTB.     Magnetic  Iron  Ore 
Isometric.     Most  commonly  in 
faces  striated  |  edge  tl/o  from  c 
666. 


Manuel  eisenslein,  Magneleiscner/,. 
octahedrona,  also  in  dodecahedrona  with 
llatory  combination;  in  dendrites  between 


plates   of    mica ;    crystals  sometimes   highly   modified  :    cubic   forms  rare. 
Twins :    tw.-pl,  o,  sometimes   as  polysynthetic  twinning  lamellse,  producing 
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striatious  on  an  octahedral  face  and  often  a  pseudo-cleavage  (Fig.  456,  p.  136). 
Massive  with  laminated  structure;  granular,  coarse  or  fine;  impalpable. 

Cleavage  not  distinct ;  parcine  octahedral,  often  highly  developed. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  5-5-6*5.  G.  =  5'168-5*180 
crystals.  Luster  metallic  and  splendent  to  submetallic  and  rather  dull.  Color 
iron-black.  IStreak  black.  Opaque,  but  in  thin  dendrites  in  mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic;  sometimes  possess- 
ing polarity  (lodestone). 

Comp.,  Var. — FeFe^O^  or  FeO.Fe,0,  =  Iron  sesquioxide  69*0,  iron  protoxide 
31-0=  100;  or.  Oxygen  27*6,  iron  72  4  =  100.  The  ferrous  iron  sometimes 
replaced  by  magnesium,  and  rarely  nickel;  also  sometimes  contains  titanium 
(up  to  6  p.  c.  TiOJ. 

Var. — Ordinary. — (a)  In  cr}*8tals.  (h)  Massive,  with  pseudo-clcavuge,  also  grnuular, 
coarse  or  fine,  (e)  As  loose  sand,  {d)  Ocberous:  a  blnok  eiirtl.y  kind.  Ordinary  luagDetiie 
is  attracted  by  a  magnet  but  bus  no  power  of  ultracting  particles  of  iron  itself.  Tlie  property 
of  polarity  whicb  distinguisbes  tbe  lodestone  (less  properly  written  loadstone)  i^  exceptional. 

Magnuian.  Talk-Eisenerz.— G.  =  4*41-4*42;  luster  submetallic;  weak  magnetic;  in 
crystals  from  Sparta,  N.  J.,  and  elsewhere. 

Manganesian,—Oo\\[dA\\\Tig  8*8  to  6  3  p.  c.  manganese  (ManganmagnetiU).  From 
Vester  Si  If  berg,  Sweden. 

Pyr.,  etc.— B  B.  ver^  difficultly  fusible.  In  OF.  loses  its  influence  on  tbe  magnet. 
With  the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  ucid. 

Diff. — Disthiguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  ns  by  its  high  specitic  gravity ;  f  ranklinite  and  chromile 
are  only  feebly  magnetic  (if  at  nil),  and  have  a  brown  or  bluckish-brown  streak;  also,  when 
massive,- bv  its  black  streak  from  hematite  and  limonite;  much  harder  than  tetrnhe<lrite. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  meta> 
morphic  rocks,  though  widely  distributed  also  in  grains  in  eruptive  rocks.  In  the  Archaean 
rocks  the  beds  are  of  immense  extent,  and  occur  under  the  same  conditions  as  those  of 
hematite.  It  is  an  inirredient  in  most  of  the  massive  variety  of  corundum  called  emery. 
The  earthy  magnetite  is  found  in  bogs  like  bog-iron  ore.  Occurs  in  meteorites,  and  forms 
the  crust  of  meteoric  irons. 

Present  in  dendrite-like  forms  in  the  mica  of  many  localities  following  the  direction  of 
the  lines  of  the  percussion-flgure,  and  perhaps  of  secondary  origin.  A  common  alteration- 
product  of  minerals  containing  iron  protoxide,  e.g.,  present  in  veins  in  the  serpentine 
resulting  from  altered  chrysolite. 

The  beds  of  ore  at  Arendal,  Norway,  and  nearly  all  the  celebrated  iron  mines  of 
Sweden,  consist  of  massive  magnetite,  as  at  Dnnnemora  and  the  Tftberg  in  Sm&'and.  Falun, 
in  Sweden,  and  Corsica,  aflford  octahedral  crystals,  embedded  in  chlorite  slate.  Splendid 
dodecahedral  crystals  occur  at  Nordmark  in  Wcrmland.  The  most  powerful  native 
matrneis  are  found  in  Siberia,  and  in  the  Harz;  they  are  also  obtained  on  the  island  of 
Elba.  Other  localities  for  the  crystallized  mineml  are  Traversella  in  Piedmont;  Achma* 
tovsk  in  the  Ural;  Scalotta.  near  Predazzo,  in  Tyrol,  also  Rotheukopf  and  Wildkreuzjoch; 
the  Binnenthal,  Switzerland. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archsean.  in  the  Adirondack  region, 
Warren,  Essex,  ancl  Clinton  Cos  ,  in  Northern  N.  York,  while  in  St.  Lawrence  Co.  the  iron 
ore  is  mainly  hematite;  fine  cr-stals  and  masses  showi?if;  broad  partins:  surfaces  and  j'ield- 
ing  large  pseudo-crystals  are  obtained  at  Port  Henry,  Essex  Co.;  similarly  in  New  Jersey; 
in  Canada,  in  Hull,  Grenville,  Madoc,  etc.;  at  Cornwall  in  Pennsylvania,  and  Masmet 
Cove,  Arkansas.  It  orcura  also  in  N.  York,  in  Saratoga,  Herkimer.  Onmge.  and  Putnam 
Cos.;  at  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co.,  in  rryst'ls  and  massive  ncoom- 
panied  by  chondrodite.  et*^.  In  N.  Jer$^,  at  Hamburs:,  rear  Franklin  Furnace  and  else- 
where. In  Penn.,  at  Goshen.  C^Bster  Co..  and  at  the  French  Creek  mines:  delineations 
forming  hexagonal  figures  in  mica  at  Pennsbury.  Good  l»»deMones  are  obtained  at  Magnet 
Cove,  Arkansas.  \\\  Cnlifomia.  in  S'erra  Oi> ,  abundant,  massive,  and  in  crystals:  in 
Plumas  Co.;  and  elsewhere.     In  Wtiy^hineton.  in  large  deposits 

Named  from  the  loc.  MngneHa.  hordenne  on  Maeed'>nia.  But  Pliny  favors  Nicandert 
derivation  from  Magnes.  who  fir-t  discovered  it,  as  the  fable  runs,  by  finding,  on  taking  his 
herds  to  pasture,  that  the  nails  of  his  shoes  and  the  iron  ferrule  of  his  staff  adhered 
to  the  ground. 
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FRAMKUNITE. 


Isometric     Habit  octahedral;  edges  often  rounded,  and  crystals  passing^ 
into  rounded  grains.     Massive,  granular,  coarse  or  fine  to  compact. 

Pseu  do -cleavage,  or  parting,  octahednil,  as  in  magnetite.  Fracture  con- 
choidal  to  uneven.  Brittle.  H.  =  5-5-6-5.  G.  =  507-5*22.  Luster  metallic,, 
sometimes  dull.  Color  iron-black.  Streak  reddish  brown  or  black.  Opaque. 
Slightly  magnetic. 

Comp. — (Fe,Zn,Mn)0.(Fe,Mn),0,,  but  varying  rather  widely  in  the  relative 
quantities  of  the  different  metals  present,  while  conforming  to  the  general 
formula  of  the  spinel  group. 

Pjrr.,  etc.— B  B.  infusible.  With  borax  in  O.F.  gives  a  reddish  ninetliystine  bead 
(mauguLese),  aud  in  R.F.  ibis  becomes  boltle-green  (iron).  W'itb  soila  gives  a  bluish  greeik 
maugiiuate.  and  ou  charcoal  a  faiui  coaiiug  of  zinc  oxide,  wbcch  is  iiiuck  more  marked 
when  a  mixture  wiih  borax  aud  soda  is  used.  SSoluble  iv  hydrochloric  ncid,  sometimes- 
with  evolution  of  a  small  amount  of  chloriue. 

Di£F.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a  dark 
browu  streak;  it  also  reacts  for  zinc  ou  charcoal  B.B 

Obs.— Occurs  in  cubic  crystals  near  Eibach  in  Nassau:  in  amorphous  ma^^ses  at  Alten- 
berg,  ne.-ir  Aixla-Chapelle.  Abundant  at  Mine  Hill,  Franklin  Furnace.  N.  J.,  wiih  wilUro- 
ite  and  zinciic  in  gnmular  limestone;  also  at  Bterliug  Hill,  two  miles  distant,  associated 
with  willeuiite. 

Magnesioferrite.  Magnoferrite.  HgFe04.  In  octahedrons.  H.  =  6-6*5.  G.  =  4*568— 
4*654.  Luster,  color,  and  streak  as  in  magnetite.  Strongly  magnetic.  Formed  about  the 
fumnroles  of  Vesuvius,  and  especially  those  of  the  eruption  of  1855. 

Jacobsite.  (Mn,Mg)0  (Fe.MutOs.  Isometric;  in  distorted  octahedrons.  H.  =  6.  G.  = 
4*75.  Color  deep  black.  Magnetic.  From  Jakobsberg,  in  Nordmark,  Wermland,  Sweden;: 
also  at  L&ngban. 


Isometric.    In  octahedrons.    Commonly  massive;  fine  granular  to  compact. 

Fracture  uneven.    Brittle.    H.  =  5'5.    G.  =  4*32-4*5'r.    Luster  submetallia 
to  metallic.     Color  between   iron-black  and  brownish  black,  but  sometimes*, 
yellowish  red  in  very  thin  sections.     Streak  brown.     Translucent  to  opaque. 
Sometimes  feebly  magnetic. 

Comp. — FeCr,0^  or  FeO,Cr,0,  =  Chromium  sesquioxide  68*0,  iron  protoxide- 
32*0  =  100. 

The  iron  may  be  replaced  by  magnesium ;  also  the  chromium  by  aluminium 
and  ferric  iron.  The  varieties  containing  but  little  chromium  (up  to  10  p.  c.) 
ar§  hardly  more  than  varieties  of  spinel  and  are  classed  under  picotite,  p.  338. 

Pyr.,  etc.— B  B  in  O  F.  infusible;  in  R  F  sliL'htly  rounded  on  the  edges,  and  becomes, 
masrnitic      With  l)omx  and  salt  of  pliosphonis  gives  beads  which,  while  hot.  show  only  a 
reaction  for  iron,  but  on  coolincr  liecome  clirome-green :  the  green  color  is  lie^gbtened  by 
fusion  on  rhnrcnnl  witli  metallic  tin.     Not  acted  upon  by  acids,  but  decomposed  by  fusion 
with  tvitassinm  or  sodium  bisulphate. 

Diff— Distininiislied  from  magnetite  by  feebly  magnetic  properties,  streak  and  by  yield- 
ing the  reaction  f/>r  chromic  acid  with  the  blowpipe. 

Obs. — Orrur«  in  siTpenflne.  forming  veins,  or  in  eml)edded  mns«es.  It  assists  in  giving 
the  vnrieiTJited  color  to  verde-nntfcpie  mnrble.  Not  uncommon  in  meteoric  irons,  sonutimes 
in  nodules  as  in  tl»p  (?nnhuila  in>n.  less  often  in  crystals  (Lodran). 

Oorurs  in  the  Gulsen  mountiiins.  near  Kraubni  in  8tyria;  in  crystals  in  the  islands  of 
Unst  jind  Fetlnr.  in  Shetlund:  in  the  province  of  Trondhjem  in  Norway:  in  the  Department 
dn  Var  in  Fnmre;  in  Silesia  nnd  Bohemia;  abundant  in  Asia  Minor;  in  the  Eastern  and 
West'rn  Unils;  in  New  Caledonia,  a^'ording  ore  for  commerce. 

At  BMltimore.  Md.,  in  the  Bare  Hills  in  veins  or  ma8««es  in  serpentine;  also  in  Mont^ 
eomery  Co..  etc.  In  Pennsylvanin.  Chester  Co.,  near  Unionville.  abundant;  at  Wood's- 
Hiue.  near  Texas,  Lancaster  Co.,  very  abundant    MasaiTe  mod  in  crystals  at  Hoboken,  N» 


DESCRIPTIVE  UIKERALOOT. 


OBRTSOBBRTL.    CjmopliaDe. 
Orthorhombic.    Axes  d:l:i  =  04701 :  1 :  0-5800. 
669.  670. 


JIOa 

iio  = 

50° 

21'. 

120  a 

130  = 

93° 

33'. 

JOI  A 

101  = 

101' 

ST. 

Oil  A 

Oil  = 

60" 

U. 

031  A 

o8i  = 

120° 

U'. 

ni  A 

in  = 

93' 

44'. 

111  A 

iii  = 

iO' 

131  A 

i2i  = 

77" 

43'. 

Twins:  tw.pl.  pf031),  both  contact- and  penetration-twinB;  often  repeated 
and  forming  pseud o-nexagonal  crystals  with  or  without  re-entrant  angles  (Fig. 
357,  p.  122).  Crystala  generally  tabular  ||  a.  Face  a  striated  vertically,  in 
twius  a  feather-like  striaCion  (Fig.  670). 

Cleavage:  ( (Oil)  quite  distinct;  ft  imperfect;  a  more  so.  Fracture  uneven 
to  conchoifial.  Brittle.  H.  —  85.  G.  —  3'5-3-84.  Luster  vitreous.  Color 
asparagus -green,  grass-green,  emerald -green,  greenish  while,  and  yellowish 
green;  greenisli  brown;  yellow;  gometimes  raspberry-  or  columbiue-red  by 
transmitted  light.  Streak  nncolored.  Transparent  to  translucent.  Some- 
times a  bluish  opalescence  or  chatovancy,  and  aateriatcd.  Pleochroic.  vibra- 
tions II  b  (—  J)  orange-yellow,  c  (=  S)  emerald -green,  a  (=  <i)  columbine-red. 
Optically +.     Ax.  pi.  8  6.     BiJ.c.     /3  =  17484.     2E  =  84M3', 

Var.  1.  Ordiniiriy.—Culor  pale  green,  being  colored  by  Iron;  niso  yellow  nnd  Iranspaient 
dud  Iben  iiseil  as  a  gem. 

3.  Al4xandrilt.—Co[or  emciald-Kreen.  but  coin  id  bine- red  by  trnnGmilled  li|;bt:  vnlucd  u 
a  gem.  ti.  =  3-644.  mean  of  rvsiifts.  Supposed  ro  be  colored  by  i  hromiutii.  CryaUla 
often  very  large,  nud  iu  Iwlus,  like  Fig.  367.  eilber  six-sided  or  six  rayed. 

8.   Cut' i-eye.—Co\or  greeuisb  and  fibibittng  a  fine  cliftloymit  cfler-l;  from  Ceylon. 

Comp. — Beryllium  aluminate,  BeAl.O,  or  BeO.Al.O,  =  Alumina  802, 
gluciua  19-8  =  100. 

Pyr.,  Blc.— B.B.  alone  unallered:  wllU  soda,  the  siirfnce  is  merely  renilereil  dull  With 
bornx  or  sail  of  pbosphorus  fuses  nilb  great  dlfflcnliy.  With  cobalt  solulion,  the  powdered 
mluenl  gives  n  bluisii  color.     Not  allacked  by  adds 

Dlff. — DiillDgulsbed  by  its  extreme  iiardiieis.  grealer  Ihan  llint  of  tapn!i:  by  its  infusl- 
bllily;  also  cliaractcriMtl  by  ita  tabular  crystalliZHlTon,  In  conimFl  wilh  l>eryl. 

Obs. — In  Minaa  Geiaes.  Bmzil.  and  alno  in  Ceylon,  in  rolled  pebbleB;  ni  Marscbenrtorf 
Id  Momvia.  in  Hie  Ural,  85  verats  from  Ehnterlnbnrg.  in  mica  slate  wilh  beryl  nnd  pbenaclte, 
tbe  variety  aUxandnle;  In  tbe  Orenburg  district,  8.  Ural,  yellow;  iu  ilie  Moume  Mts., 
Ireland. 

In  tbe  U.  S..  at  Hnddam,  Ct.,  in  granite  traversing  gneiss,  with  lourmaline.  cnraet, 
beryl;  al  Oreentield,  near  Saratoga.  N.  T,.  with  tourmaline,  gnmcr,  nnd  ^tpatite;  Norway, 
He.,  ii)  gniuitc  will)  gnrnvt:  also  at  SUmebnm,  with  Hbrolllc,  etc. 

Chryoberyl  is  from  ipt'o-o!.  golden,  tii/ptiXXni:,  btrpl.  Cymophtnt,  from  Kriia,  vmve, 
nnd  tptilyo),  appear,  nllndes  to  a  pecniinr  opalescence  tbe  crystals  sometimes  exhibit. 
AUiandriU  is  afier  iLe  Czar  of  Kussln.  Alexander  I. 

H«uamuinit«.  MtiiO.  or  MnO.M,0>.  In  tetnignnnl  octnbedrnnB  and  twins  (Fife.  376, 
p.  I35l;  alsd  granular  massive,  particles  strongly  roberent.  H.  =  IS-'i'.'i,  O.  =  4-8M.  Luster 
•ubmetftllfc.  Color  brownish  black.  Streak  cliestnut-brown.  Occurs  near  IlmeDau  In 
Thuringia;  Ilefeld  in  tbe  Harz;  Fllipstad,  L&ngban,  Nordmark,  In  Sweden. 


OXIDES.  343 

MeDDige  Germ.  Pb«0«  or  SPbO.PbOi.  Pulvenilenl,  as  cirstalliue  scmles. 
G.  =  4*6.  Color  vivid  red,  mixed  with  yellow;  strenk  orauge-yellow.  CKxurs  at  Bleialf 
in  the  £^fel;  Baden weiler  in  Baden,  etc. 

Crwln«rite.  CuaMn«0«  or  3Cu0.2MD«Oa.  Foliated  crvstalline.  H.  =  4*5.  G.  =  4*9- 
5*1.  Lu>ter  metallic.  Color  iron-black  to  steel-gray.  Streak  black,  brownish.  From 
Fried  richsrode. 

Piendofarookite.  Probably  Fe«(Ti04)s.  Usually  in  minute  orthorhombic  cr\*sta]s, 
tabular  |  a  and  (»ften  prismatic  |  6.  G.  =  4*4-4*1^.  Color  dark  brown  t(»  black.  Streak 
ocher-yellow  Found  with  hypersthene  ^szaboite)  in  cavities  of  the  audesite  of  Aranver 
Berg^.  Tntusylvaniu,  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at  Havredal. 
Bumle.  Norway,  embedded  in  kjeniltine  (wagnerite)  altered  to  apatite. 


BRAUNinS. 

Tetragonal.  Axis  6  =  0*9850.  Commonly  in  octahedrons,  nearly  isometrio 
in  angle  ipp'  =  T0°  T').     Also  massive. 

Cleavage :  p  perfect.  Fracture  uneven  to  subconcboidal.  Brittle.  H.  =  6- 
t)'5.  G.  =  4*75-4*82.  Luster  submetallic.  Color  dark  brownish  black  to  8t^<. 
gray.     Streak  same. 

Comp.— 3Mn,0,.MnSiO,  =  Silica  10*0,  manganese  protoxide  11*7,  man- 
ganese  sesquioxide  78*3  =  100. 

P3rr..  etc. — B.B.  infusible.  With  borax  and  salt  of  phosphorus  ^ives  an  amethystine 
bead  in  OF.,  becoming  colorless  in  R.F.  With  soda  gives  a  bluish-green  bead.  Dissolves 
in  hydrochloric  acid  evolving  chlorine,  and  leaving  a  residue  of  gelatinous  or  flocculent  silica 
(Kg.).     Mnrceline  gelatinizes  with  acids 

Obs. — Occurs  in  veins  traversing  porphyry,  at  Oehrenstock,  near  Ilmenau;  near  Ilefeld 
in  the  Harz:  St.  Marcel  in  Piedmont;  at  Elba;  at  Botnedal.  Upper  Tellemark,  in  Norwuy; 
nt  the  muDGranese  mines  of  Jnkobsberg.  Sweden,  also  at  L&ngban,  and  at  the  Sj<>  mine, 
Gry thyttan.  Orebro.     Mareeline (heterocline)  from  St.  Marcel,  Piedmont,  is  impure  brauuite. 

Bixbyite.  Essentially  FeO.MnOa  In  bl8ck  isometric  crystals.  H.  =  6-6,5.  G.  = 
4*945.     Occurs  with  topaz  in  cavities  in  rhyolite;  from  Utah. 


IV.  Dioxides,  RO,, 
Riitile  Group.     Tetragonal. 


Cassiterite 

SnO, 

i 
0-6723 

Entile 

TiO, 

i 
0-6442 

Polianite 

MnO, 

0-6647 

Plattnerite 

PbO. 

0-6764 

The  RuTiLE  Group  includes  the  dioxides  of  the  elements  tin,  manganese, 
titanium,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
with  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
of  twinning  there  is  much  similarity  between  the  two  best  known  species 
included  here. 

With  the  Rutile  Group  U  also  f^metimes  included  Zircon.  ZrO,  SiO,:  h  =  0-6404. 
In  this  work,  however.  Zircon  Is  classed  among  the  silicates,  with  the  allied  species  Thorite, 
ThC.SiO,.  h  =  0-6402. 

A  tetragonal  form,  approximating  closely  to  tb«t  of  the  species  of  the  Kutfle  Group, 
belongs  also  to  a  number  of  other  species,  as  Sellaite,  MgF«;  Tapiolite,  Fe(Ta,Nb)aO« ; 
Xenotime,  YPO4,  etc. 

It  may  be  added  that  ZrOi,  as  the  species  Baddeleyfte«  crystallizes  fai  the  monoclinkjL 
^stem.  ^ 
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OABSrrBRITB.     Tin-slooe,  Tia  Ore.     ZiDturtefa  Qerm, 
Tetragoual.     Axis  i  =  0-6723. 

671.  fi7a. 


«f.  101  A  on  =  46-  88'.  WW,    no  A  111  =  46°  2'.'. 

e^',  101  A  101  =  H7"  50".  n",     S81  A  281  =  20°  581'. 

i**.  in  A  in  =  58-  18-.  «•",  821  A  B21  =  Ol"  42-. 

««",  111  A  ill  =  87'    r. 
Twins  common:   tw.  pi,  e,  both  contact-  and  penetration  twins  {Fig.  673, 
ttlso  Fig.  373,  p.  Hi);  often  repeated.    Crystale  low  pyramidal;  also  prismatic 
and  acutely  terminated.   Often  in  reniforni  ehapee,  structure  fibrous  divergent; 
also  massive,  granular  or  impalpable;  in  rolled  grains. 

Gleaviige:  a  imperfect;  a  (111)  more  eo;  vi  hardly  distinct.  Fractnre 
anbcouchoidal  to  uneven  Brittle.  H.  =  6-7.  G.  =  6-8-7*1.  Luster  ada- 
mantine, and  crystals  usually  splendent.  Color  brovn  or  black;  sometimes 
red,  gray,  white,  or  yellow.  Streak  white,  grayish,  brownish.  Nearly  trans- 
parent to  opaque.  Optically  +.  Indices:  ai,  =  19966,  c,  =  2'0934. 
Var. — Oi'di'iary    Tin  Blone.     In  nywaU  and  ma»slve. 

Woodtin  (Holzzlniierz  Oerm.).  In  ItoinnldHl  ncd  rcnfform  EbspFB,  ronc^DlHc  Id  struc- 
ture, Hnd  iniliiiled  flbmuH  tiitcrDnllj.  aUliougti  very  ciimpacl,  wiili  the  color  browuitti,  of 
mixed  Bbmlca.  iooblrif;  mmewlinl  iil(u  Ary  voi  d  fn  lie  ci  lore.  Toad^i-eye  tin  \s  ihe  lante,  on 
a  sniniier  scnle.  Utrtam  tin  is  tb«  ore  in  tbe  slule  of  sand,  as  il  orcurs  along  Ibe  beds  of 
■trenmsor  in  gmvel. 

Comp.— Tin  ditjxidp,  SnO,  =  Oxygen  21-4,  tin  78-6  =  100.  A  little  Ta,0, 
is  sometimes  present,  ako  Pe,0,. 

Pyr.,  etc  — B  B.  alore  iinnltercd.  On  chareonl  wftb  soda  reduced  to  metnllic  tin,  aod 
^vra  a  wliitr-  rnntii<jr.    Wiib  Hip  Quxcb  sonieilmet  gives  reaclioDS  for  iron  and  maiiganese. 

Ontv  fli(rli'1v  nrteri  iipnn  hv  ndrln. 

iHC— Dimlni-nUlieil  by  tl"  bJirli  speciBc  ^vily.  hsnlnees.  iufiisjbillly.  nnd  by  Us  yleld- 
fnir  melnVir  (In  B  B  :  rewmbli-B  »ome  vnrielies  of  ganiel,  splialcrile,  iind  bintk  touruialine. 
Specific  iravily  i6  !i)  MgUer  tbnn  tbal  or  nilile  (4):  nolfisniite  is  eiiitily  fiiejble. 

Ohs. — Occiirfl  in  vHna  tmvereinp  frnmll*.  cneias,  mlra  scbisl.  cbloHle  or  cluj-  acbtst.  and 
porpiiyry:  also  in  finely  rericiilnTed  veins  forming  tbe  ore  depoeita  calltd  siuckworka,  or 
■Imply  iinprcgnatli'ir  tbe  mclnsini;  niok.  Tlie  commonly  BBsocialed  minerals  are  quarts, 
TKilframile.  acliefllile:  "l"o  mtea.  t"paK.  tonrmsline.  npalJie.  fluorlle;  fimlier  pyrile.  uraeDo- 
pyrite,  sphnlrrll*":  tnolyb'if-nile.  n"live  binmulb   etc. 

Pornieriy  vi-ry  aliiindnnt,  now  lean  so.  iii  ('oniwftll,  in  fine  crjstdla.  nnd  iiliw  us  uooatin 
nod  tti'«a-"-tin  ;  in  Devonslilre.  rear  THvlstnrk  nnd  tlaewberc;  in  psemiomoiplia  after 
feldBTMlr  at  Wb«il  CoBtmi.  near  8l.  Ap-npg.  Cornwall;  In  fine  cryatala,  oflen  iwloa,  at 
Schbi'  kenwnld.  Ornnprn  Jrncliimntlinl,  ZlDQwaH  et«.,  in  Bolicmiii,  und  al  EUienrriedera- 
dorf.A'teiiberg,  etc.,  in  Baiony;  alLltnogBaln  splendid crj^alala;  Sweden,  nl  Fiubo;  Finland, 
at  PilbAranla. 

In  IheE.  IndW  on  the  MnlnvpcnlnBuIa of  Malacca  and  the  nHebborinjr  islondB,  Banc*, 
and  Bll'tnnc  nea  Borneo  In  New  Boiiili  Wale*  abundant  over  an  area  of  8600  Hq.  miles, 
alMi  in  Vlctort*.  Que  ns'and  and  Taaraaula.  In  Bolivia;  Hexico,  In  Durango;  alao- 
Quanaiuato,  Zacalecaa.  Jaliico. 
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In  IbeTlDlted  Stales,  id  Jfiftw.  sparingly  at  Psrii,  Hebron,  elc.  In  .Vim.,  at  Chesterfield 
Hiid  G'lSlien,  rare.  In  N.  Hamp.,  at  Jackson.  In  Virginia,  ou  Irish  Ci«ek.  Rockbridge 
Co..  with  wolframite,  etc.  In  Alnbama.  iu  Coosn  Co.  lu  S.  DakoUi  nt-nr  Havuey  Ptak  iind 
near  Custer  C  t;  lu  the  Black  Hills,  where  ii  bus  lieen  Rilced.  In  Wyomxng.  \a  Cruuk  Co. 
In  Montana,  Dear  Dillon,     In  Cal^omia.  in  Sau  Bernariliuo  Co.,  at  Teuii-Dcul. 

PoUuiita.  Hangnoete  dioxlilc,  Mnd.  In  comixwile  imrallel  groiipingt  of  ininiUO 
crygtnU;  also  forming  the  nuii-r  shell  of  crystals  having  iht  form  of  mHiijjiinile.  H.  =  (J-8-0, 
G  =4-9112.  Losicr  metdllln.  Oihir  li^'ht  gieel-gray  or  in>ii-gniy.  Slrviik  hliieh.  From 
Plailen.  Bi>heiiiiH.  It  is  clisijnguished  from  pyrolusite  by  iui  liiir.liiess  nud  its  anhydrous 
chnriiclei.     Like  pyroliitiili.-  ir  is  often  a  pseudomorph  after  niangiiuile. 

RDTILB. 

Tetragotial,     Axis  c  -  0-64415. 
«74. 


«■".  310  A  310  =  86*  64'. 
rt^,  101  A  on  =  45''  y. 
m",   101  A  iOl  =  66'  8*i'. 


M*,  111  A  111  =  W 
m".  HI  A  ill  =  84"  40*. 
(f,  813  A  133  =  26"    6'. 


Twins:  tv.  pi.  (i)  e,  often  geoiculated  (Fig.  67C);  also  contact-twins  of 
Tery  varied  habit,  sometiines  sixlings  and  eigbtlinga  (Fig,  3G1,  p.  132;  Fig, 
375,  p.  124).  (2)  V  (301)  rare,  contact-twitiB  {Fig  377,  p.  125),  CrystaJa 
commonly  prismatic,  vertically  striated  or  furrowed;  often  slender  scicular. 
Occasionally  compact,  massive. 

Cleavage:  a  and  m  distinct;  s  in  traces.  Froctnre  enbconchoidal  to 
uneven.  Brittle.  H.  =  G-6-5.  G.  =4'18-4-25;  also  to  52.  Luster  me  tall  io- 
adamaiitine.  Color  reddish  brown,  passing  into  red;  sometimes  yellowish, 
bluish,  violet,  black,  rarely  grass-green;  by  transmitted  light  deep  red. 
Streak  pale  brown.  Transparent  to  opaque.  Optically  -|-.  Refractive  indicea 
high:  Ii),  =  2  6158,  Cj.  =  29029  for  Na.  Birefringence  very  high.  Sometimea 
abnormally  biaxial. 

Comp.,  Tar.— Titanium  dioxide,  TiO,  =  Oxygen  400,  titanium  60-0=  100. 
A  little  iron  is  usually  present,  sometimes  Up  to  10  p.  c. 

Vaz.— Ordinary.  Brownish  rpd  atiil  other  phfldes,  not  hlnck.  G.  =  4-18-4'25.  Tmna- 
pareat  qiiarlz  {figtnitt)  la  wimeifmet  penetrnteil  thlcklv  u'<lh  nrlnilar  or  capillary  crystiils. 
Dai  k  smoky  quartz  TH'netmteil  with  ihe  aririiliir  nillleis  the  FlSches  d'nmour  ^.  lor  Veous 
hairstone).  Aciciilnr  crysials  oflen  implsnipil  in  parallel  position  on  tahuliir  cryslala  of 
hemalile:  also  Hnmewhat  similarly  on  mH(rn<'tile. 

Ferriferoiit  (a)  Niffriat  is  &lark  in  eolnr,  whence  tlic  nnme:  contnlns  3  lo  8  p.  c.  o* 
Fp,0>  ifi)  RmenonitUe  is  n  hlnck  varivty  fnim  the  Ilmcn  Mis.,  cnnlaiiiing  up  to  10  p.  c. 
or  more  of  Fe.O..     G   =  5  07  -  .118 

Pyr..  ete,-B  B.  infnaibte.  With  salt  of  pho^phonis  (-(vt-a  a  polorleas  Iwad.  wbich  fa 
R.F.  asaumi-s  a  vIoIpI  color  on  cooli"c  Most  varii-rles  coninin  iron,  find  (ri»e  a  browniah- 
yellow  or  red  bend  in  R.F,.  Ihe  violet  only  uppearin^  after  trealmeiil  i>f  the  hmd  with 
metallic  tin  on  charcoal.     Insoluble  In  acids;   made  soluble  by  fusion  with  an  alkali  OT 


DESCRIPTIVE  UINEBALOQT. 


ftlkaltne  cnrbonale.  Tbe  Rolution  coalaioing  an  excess  of  acid,  with  tlie  sdditioa  of  liD-foll, 
gives  a  bcnulifiil  violet  color  wbeu  concetilraled. 

Diff.— Cliai'iicierizeii  by  its  peciiliur  subudamaiitiije  luster  aud  browni^th-red  color. 
DtfEers  frum  lourmaliae.  vesuviuniie,  augite  in  beiug  eutirely  uuultertd  wbeu  bi'uU'd  alone 
B.  B.     SpL-ciflc  gmvll;  about  4.  of  cassiterite  6  5. 

Oba. — Hutilv  occurs  lu  graulte.  gtieisB,  mica  slate,  and  sjenilic  roclu*.  and  sutiittiuies  in 

ruiilnr  litiieatonv nnd  dolomite;  coinmoa,  as  a  t^condaij  product,  in  tUe  forui  o(  niicrollles 
riiauy  whites  U  is  generally  found  in  embedded- crjstsls.  ofleo  In  masses  of  quarlz  or 
feldspar,  :iQd  frequently  id  acicular  trystnlspeuetratiug  quartz;  altio  iu  plilogopite  (wb.  see), 
Kuil  has  beeu  observed  ia  dbniond.  11  has  iilso  been  met  witb  in  bemiitiit:  ami  ilmeuile. 
rarely  In  cbromile.     It  la  common  iu  grains  or  fragments  in  'maov  nuriferous  fiimh. 

Prominent  localities  are:  Arendal  and  KragerO  in  Norwiiy;  llorrsjtsberg,  Sweden,  wiih 
Inzuliie  and  cyauiie;  Uaualpe.  Citrintbin;  in  tbu  Urnis;  in  Tyrol;  al  At.  GoILbtxI  and  Binnen- 
tlial.  Switzertnnd;  at  Yrieiix,  ueur  Limoges  in  Prance;  nlUbluptati  iu  Transylvania,  nigriae 
in  pebbles;  in  bi^  crynlals  iu  Pcnhsbire,  Scoilnnd;  in  Doni'gai  Co..  Ireland. 

In  Jfdtn«,  at  Warren.  In  Venaont,  at  Walerbnt?;  also  l[i  loose  bowlders  in  middle  and 
northern  Vermont,  ndculnr.  some  specimens  of  grenl  fiesiity  in  tninspai-ent  quart x.  Iu  Mom.. 
at  Barre,  in  gneiss;  at  Sbelburne,  it)  mica  Riate.  In  K  yorlc.  in  Orange  Co.,  £dtnvi]li!:  War- 
wick; K.  of  Amity.  In  Penn,,  nt  Sudsbury,  Cbesler  Co..  and  the  adjoining  [iislrict  in  Lan- 
easier  Co.;  at  Parltsbnrc.  Concord.  West  Bradford,  and  Newlin,  Chester  Co.:  at  llic  Poor 
House  quarry,  Cheslcr  Co,  In  ^.  Jtrtey,  al  Newlon,  wiili  spinel.  In  N.  Onr.,  at  Crowdcr'a 
Sfounlnin:  al  Stony  Point,  Atexaader  Co.,  in  splendent  crystals.  In  Qeorgia,  in  Hubersbam 
Co. ;  ill  Lincoln  Co.,  ni  Graves'  Mountain,  with  lozuHte  in  large  and  splendent  crjsljds.  In 
Arkansai,  at  Magnet  Cove,  couimouly  in  twins,  with  brookite  and  perovskiie.  also  as 
parnniorpbs  after  brookite. 

Plattnerite.  I^ad  dioxide.  PI)Oi.  Rarely  In  prismatic  crystals,  usually  miissive. 
H.  =  .5-5-5.  G.  =8S.  Luster  snbraeljdiic.  Color  iron- black.  Streak  cbesluut-brown. 
From  LeadLIllsaud  Wanlockbead,  Sculluud.  Also  al  the  "As  You  Like"  mine,  Hullan, 
Cffiur  d'Alena  Mis.,  Idaho. 

Baddeloyits.  Zircon  dioxide,  ZrOi.  In  tabular  monoclinic  crystiils.  II.  =  6  5.  G.  = 
S'5-6  0.  Colorless  lo  yellow,  brown  aD<i  black.  From  Ceylon:  also  Jacupiranga,  Brazil 
{bTwtUiU)  where  It  Is  associated  with  tirketitt.  (Ca,Fe)0.2(Zr,Ti,Tb)Oi. 


OOTAHEDBITXt.    Anatase. 
Tetragonal.    Aiia  £  =  1-7771. 

Commonly  octahedral  in  habit, 
either  acute  {p,  111),  or  obtuss 
{v,  117);  also  tubular,  c  predomi- 
nating; rarolj  prismatio  crystals; 
frequently  highly  modified. 

e^,    101  A  011=  76*   5'. 

e*",  101 A  ioi  =  lar  la*. 

Plf,  111  aT11=  83=  V. 
pp",  111  A  111  =  136'' 36'. 
tf*.  113Ail3=  54'  1'. 
tPB-  117  A  117=  37-39'. 
_  Cleavage:  c and /(perfect.     Frac- 

ture snbconohoidal.  Brittle.  H.  =  55-6,  G.  =  3-82-395;  sometimes  4-11- 
416  after  heating.  Luster  adamantine  or  metallic-adamantine  Color  varioTiB 
shades  of  brown,  paaaini;  into  indigo-blne,  and  black;  greenish  yellow  bv 
transmitted  light.  Streak  nncolored.  TranBparent  to  nearly  opaque.  Opti- 
cally — .  Birefringence  rather  high,  Intlices:  at^  =  2-554,  e,  =  2'493, 
Sometimes  abnormally  biaxial. 

Com  p.— Titanium  dioxide,  TiO,  =  Oxygen  40-0,  titanium  60-0  =  100. 
Pyi.,  et«. — Same  as  for  rutlle. 
Oba.— Host  abundant  at  Bourg  d'Olsans,   In   Dauphln£,   with  feldspar,   axtnlte,'  bBd 
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ilmenite:  nenr  Hof  in  the  Fichtelgebirge;  Norway;  the  Urnls;  Id  chlorite  in  Devonshire, 
near  Tnvisiock;  with  hrookite  at  Tremadoc,  in  North  Wales;  in  Cornwall,  near  Liskeard 
and  at  Tintagel  Cliffs;  in  Bnizil  in  quartz,  uud  in  detached  crystals.  In  Switzerlnnd  in  the 
Binuentlml  the  variety  loiserine,  long  supposed  to  be  xenoiime;  also  Cavradi,  Tavetsch; 
Kauris,  balzburg,  in  tue  Eastern  Alps ;  also  at  Pfitsch  Joch. 

In  the  U.  States,  at  the  Dexter  lime  rock,  Smithfield,  R.  I.,  in  dolomite;  in  the  wash- 
ings at  Brindletown,  Burke  Co.,  N.  C,  in  transparent  tabular  crystals. 


BROOKTTE. 

Orthorhombic. 
680. 


Axes  a  :  i :  (J  =  0*8416  :  1 :  0-9444. 

681. 


682. 


m 


tn 


wiTTi'MlOA  110  =  80M(K.  ^.    122  A  122  =  44' 28'. 

zr',        112  a  112  =  53' 48'.  <J«"',  122  A  122  =  78' 67. 

«"',      112  A  112  =  44°  46'.  me,  110  a  122  =  45°  42'. 

Only  in  crystals,  of  varied  habit. 

Cleavage:  w  indistinct;  c  still  more  so.  Fracture  subconchoidal  to  un- 
even. Brittle.  H.  =  5 '5-0.  G.  =  3'87-4*08.  Luster  metallic-adamantine 
to  submetallic.  Color  hair-brown,  yellowish,  reddish,  reddish  brown,  and 
translucent;  also  brown  to  iron-blacK,  opaque.  Streak  uncolored  to  grayish 
or  yellowish.     Optical  characters,  see  p.  225. 

"^Com p. —Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  600  =  100. 

P3rr. — Same  ns  for  rutile. 

Obs. — Occurs  at  Bour<?  d'Oisiins  in  Dauphine;  at  St.  Gotbnrd,  willi  albite  and  quartz; 
Maderaner  Thai,  Switzerland;  in  the  Ural,  district  of  Zlatoust,  near  Miask,  and  in  tbe 
gold-wa-'bings  in  tbe  Snnarka  river  and  elsewbere;  at  Fronolen,  near  Tremadoc,  Wales. 

In  tbe  U.  S..  in  thick  black* crystals  (arkansite)  at  Magnet  Cove,  Ozark  Mts.,  Arkansas, 
with  elijeolite,  black  garnet,  scliorlomite.  rutile,  etc.;  in  small  crystals  from  tbe  gold- 
washings  of  North  Carolina;  at  the  lend  mine  at  Ellenville,  Ulster  Co.,  N.  Y.,  on  quartz, 
with  clialcopyrile  and  galena;  at  Paris,  Maine. 

Named  after  the  English  mineralogist,  H.  J.  Brooke  (1771-1857). 


PYROLUSITB. 

Orthorhombic,  hut  perhaps  only  pseudomorphous.  Commonly  columnar, 
often  fliverjjent;  also  granular  mai?8ive.  and  frequently  in  reniform  coats. 

Soft,  often  soiling  the  fingers.  H.  =  2-2*5.  G.  =  4-73-4-86.  Luster 
metallic.  Color  iron -black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  bluish  black,  sometimes  submetallic.     Opaque. 

Comp. — Mancranese   dioxide.   MnO^,  like   polianite    (p.  345).     Commonly 

contains  a  little  water  (2  p.  c),  it  having  had   usually   a   pseudomorphous 

oricrin  (after  manganite). 

It  is  nncertain  wlirtber  pyrolusite  is  an  independent  species,  with  a  crystalline  form  of 
its  own.  or  only  a  secondary  mineral  derived  chiefly  from  the  dehydration  of  manganite; 
also  fioni  polianite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  of 
manganite  are  common. 
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P3rr.,  eto. — Like  polianite,  but  most  varieties  yield  some  water  in  tbe  closed  tube. 

Diff. — Harduess  less  than  that  of  psilomelane.  Differs  from  iron  ores  in  its  reaction  for 
manninese  B.B.  Easily  distinguished  from  psilomelane  by  its  inferior  hardness,  and 
usually  by  l>eing  crystalline.    Its  streal^  is  black;  that  of  nianffanite  is  more  or  less  brown. 

Obs. — This  ore  is  extensively  worked  at  Elgersberg  near  Ilmeuau,  and  other  places  in 
Thuriugiii:  at  Vorderehrensoorf  in  Moravia;  at  Flatten  in  Bohemia,  and  elsewhere;  near 
Johanngcorgenstadt;  at  H.rschberg  in  Westphalia;  Matzku,  Transylvania;  in  Australia;  in 
India. 

Occurs  in  the  United  States  with  psilomelane,  abundantly  in  Vermont,  at  Brandon,  etc.; 
at  Plain  tield  and  West  Stock  bridge,  Mass. ;  Augusta  Co.,  Virginia;  Pope,  Pulaski,  Mont- 
gomery Cos..  Arkansas.  In  New  Brunswick,  7  m.  fr.  Bathurst.  In  Nova  8cotia,  at  Teny 
Oap<»;  at  Walton,  etc. 

The  name  is  from  nCp,  Jlrs,  and  Xovetr,  to  waih,  because  used  to  discharge  the  brown 
Und  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  le  gavon  ae  verriert. 


B.  Hydrous  Oxides. 

AmoDg  the  hydrons  oxides  the  Diaspobe  Group  is  well  characterized. 
Here  belong  the  hydrates  of  aluminium^  iron  and  manganese.     The  general 

formula  is  properly  written  BO(OH).  The  three  species  here  included  are 
orthorhombic  in  crystallization  with  related  angles  and  axial  ratios;  this  rela- 
tion is  deviated  from  by  manganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Bruoite  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  A1(0H)„  and  Sassolite,  B(0H),9  are  also  related,  and  further 
Hydrotalcite  and  Pyroaurite. 

Diaspore  Group.     BO(OH)  or  B,0,.H,0.     Orthorhombic. 

&:h  :  6  — 

a 

Biaipore  A1,0,.H,0  09372  :  1  :  0  6039  or  0-6443 

Oothite  Fe,0,.H,0  0-9185  :  1  :  0-6068  or  0-6606 

llanganite  Mn,0,.H,0  08441  :  1  :  0-5448  or  0-6463 

DIASPORE. 

Orthorhombic.  Axes:  d  :h:  6  =  0-9372  :  1  :  0*6039.  Crystals  prismatic, 
mm'''  =  86**  17';  usually  thin,  flattened  ||  h;  sometimes  acicular.  Also  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

Gleavage :  b  eminent;  h  (210)  less  perfect.  Fracture  conchoidal,  very 
brittle.  H.  =  6*5-7.  G.  =  3 -3-3 '5..  Luster  brilliant;  pearly  on  cleavage-face, 
elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray,  hair-brown, 
yellowish,  to  colorless.  Pleochroic.  Transparent  to  subtranslucent.  Optically 
+.  Birefringence  high.  Ax.  pi.  ||  b,  Bx  J.  «.  Dispersion  p  <v,  feeble. 
2H^y=  103°  53'.     /?-=  1-722. 

Comp.— AIO(OH)  or  A1,0,.H,0  =  Alumina  85-0,  water  15*0  =  100. 

Pyr.,  etc. — In  the  rloped  tube  usually  decrepitates  stronply,  separating  into  white 
pearly  scales,  and  at  a  hich  temperature  yieUla  water  Infusible;  with  cobalt  solution 
gives  a  deep  blue  color.  Not  attacked  by  acids,  but  after  ignition  soluble  in  sulphuric 
acid. 

Diflf  —  Distineuished  by  its  hardness  and  pearly  luster;  also  (B  B.)  by  its  decrepitation 
and  yield iiiff  wat«r:  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Obs.— Commonly  found  with  corundum  or  emery.  Occurs  near  Kossoibrod,  in  the 
Ural;  at  Schemuiiz,  Hungary;   with  corundum  in  dolomite  at  Campolongo,  Tessin,  in 
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SwltHrland;  Greiner  in  the  Zillerthil.  In  Uie  U.  B.,  wlib  corundum  And  tnarKsrite  at 
Newlia.  Cliesier  Co..  Ph.;  ul  ilie  etnerr  mines  of  Cbeeter,  Huss.;  Id  cavities  in  maaalve 
corundum  U  tint  CulssKee  niiue,  near  Fmulcliu,  Hacon  Co.,  K.  CaroUua;  wiiii  Hluuite 
formliig  rock  musses  at  int.  Rubftison,  Botiita  Hills.  Colorado. 

Named  by  HaQy  from  4iuo'icFi>eiT'.to«M((fr,  aIiudiugtotbetuualdecrepllalioDbefor« 
the  blowpipe. 


OOTHITE. 

Orthorbombic. 


Axes  a:h:i  =  0-d18&  :  1  :  0-6i 


',  110  A  110  =  86°    8". 
Oil  A  Oil  =68*80'. 


pif.    111  A  ill  =  88*  W. 
PlT'.  Ul  A  lil  =  68*43'. 


In  prieniB  vertically  striated,  and  often  flattened  into 
scales  or  tables  |  h.  Also  flbrons;  foliated  or  in  scales;  mas* 
«ive,  reuiform  and  stalactitic,  with  concentric  and  radiated 
fitructnro. 

Cleavage :  6  very  perfect.  Fractnre  uneven.  Brittle. 
H.  =  5-5'5,  G.  =  4"0-4'4.  Luster  imperfect  adamantine. 
Color  yellowish,  reddish,  and  bladcish  brown.  Often  blood- 
ied by  transmitted  light.  Streak  brownish  yellow  to  ocher- 
yellow. 

Var.— In  tbin  tcale-ttlie  or  tabular  crystals,  usually  attached  by  one  edge.  Also  In 
aclcular  ur  capillary  (not  flexible)  cryslala,  or  slender  pnsms,  ofliin  ndlal^ly  gmiiprd:  ihe 
NttdU-Ironilont.  It  passes  ItilOH  variety  with  a  velvety  surface:  the  PrtibramiU  (Bamm^t- 
bUndt)  of  Pribram  is  of  this  kind.     A-Uo  culumuar.  llbrous,  etc.,  aa  above. 

Comp — FeO(OH)  or  Fe,0,.H,0  =  Oxygen  27*0,  iron  62-9,  water  101  =  100, 
or  Iron  seequioxide  89'9,  water  101  =  100. 

Pyr.,  Ate. — Id  tbs  closed  lube  gives  off  water  and  is  converted  Into  red  Iron  seaqut- 
oiide.  With  the  fluxea  like  benialile;  most  vailelles  give  a  niani^nese  reaction  and  aomev 
tTealed  In  the  forceps  in  O.F.,  after  mnlBlenlng  In  sulphuric  acid.  Impnrt  ■  bluish-green 
color  to  the  flame  Iphoeplinric  acid).     Soluble  tii  hydrochloric  Hcld. 

mil. — Distinguished  from  hemallte  by  its  yellow  streak;  from  llmonlte  by  cTyttalllna 
nature;  it  also  cnniains  less  wnier  than  llmonlte. 

Oba. — Founil  with  tlie  other  oxides  of  Iron,  especlnlly  hematite  or  llmonlte.  Occur* 
«t  Eiserfeld  near  Siegen.  In  Nassau:  at  Cliflon,  nenr  Brlslol.  England;  In  CornwalL 
In  the  U.  S.,  al  the  jaokson  Iron  mine,  Niigaunee.  L.  Superior;  in  Conn.,  at  Snllsburr; 
Id  Penn.,  near  EnMon;  Iniithe  Pike's  Pe:ik  region,  Colorado.  Named  aSlhiU  (Goetbite) 
After  the  poet-pbllosopher  Ooethe  (1749-1683). 


BCANOANTTB. 

Orthorbombic. 


1  :  0-5448. 
AA'",    410  A  4iO  =  88*  fXt. 
mm"',  110  A  liO  =  80' SO*. 

f f'.    20B  A  305  =  38'  nr. 
Aj".     on  A  oil  =  57"  Iff. 

Ill  A  ill  =  59*    51'. 


pp'. 


Crystals  commonly  prismatic,  the 
faces  deeply  striated  vertically;  often 
grouped  in  bundles.  Twins;  tw.  pi. 
e(Ull).    Also  columnar;  stalactitic. 

Cleavage:  b  verv  perfect;  m  per- 
il. =  4.  G.  =  4-2-4  4.  Luster  sub- 
metallic.     Color  dark  steel-gray  to  iron-black.     Streak  reddish  brown,  some- 


feet.      Fracture    uneven.      Brittle. 
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times  nearlyblack.     Opaque;  in  minute  splinters  sometimes  brown  by  trans-  ' 

mitted  light. 

Comp.— MnO(OH)  or  MnjO,.H,0  =  Oxygen  27*3,  manganese  62*4,  water 

10'.3  =  100,  or  Manganese  sesquioxide  89*7,  water  10'3  =  100. 

Pyr.y  etc. — lu  the  closed  tube  yields  wuter;  manguDese  reactions  with  the  fluxes,  p.  263. 
Oba. — Occurs  at  llefeld   iu   the   Hurz;   IlDienau  in   Thurin^iu;  Cornwall,  at  various 

5 laces;  also  in  Cumberland,  etc.     lu  the  L.  Superior  mining  region  at  the  Jackson  mine, 
fegaiinee;  Devil's  Head,  Douglas  Co.,  Colorado.     In  Nova  Scotia,  ai  Cheverie,  Hants  Co., 
and  Walton.    In  New  Brunswick,  at  Shepody  mountain,  Albert  Co.,  etc. 


LIMONITXI.    Brown  Hematite.    Brauneisenstein  Qerm, 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  mammillary 
forms,  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
and  occasionally  earthy. 

H.  =  5-5-5.  G.  =  3  6-4  0.  Luster  silky,  often  submetallic;  sometimes 
dull  and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-like 
exterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.     Opaque. 

Var.— (1)  Compact,  Submetallic  to  silky  in  luster;  often  stalactitic.  botryoidal,  etc. 
•(Incl.  brauner  Glaskopt  Oerm),  (2)  Ocherous  or  earthy,  brownish  vellow  to  ocher-yellow, 
often  impure  from  the  presence  of  clay,  sand,  etc.  (3;  Bog  ore.  *rhe  ore  from  marehy 
places,  generally  loose  or  porous  In  texture,  often  petrifying  leaves,  wood,  nuts,  etc. 
(4)  Brown  elay'ironstone,  in  compact  masses,  often  iu  concretionary  nodules. 

Comp — 2Fe,0,.3H,0  =  Oxygen  25-7,  iron  59*8,  water  145  =  100,  or  Iron 
sesquioxide  85*5,  water  145  =  100.  In  the  bog  ores  and  ochers,  sand,  clay, 
phosphates,  oxides  of  manganese,  and  humic  or  other  acids  of  organic  origin 
are  very  common  impurities. 

Pyx.,  etc.— Like  ffOthite.  Some  varieties  leave  a  siliceous  skeleton  in  the  salt  of  phos- 
phorus bead,  and  a  siliceous  residue  when  dissolved  in  acids. 

Dlflf. —Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  turgite.  Mot  crystallized  like  gdthite 
and  yields  more  water. 

dbg— In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  containing  iron, 
through  exposure  to  moisture,  air,  nnd  cnrbonicor  organic  acids;  derived  largely  from  the 
change  of  pyrite,  magnetite,  siderile,  ferriferous  dolomite,  etc.;  also  various  species  (as 
mica,  pyroxene,  hornblende,  etc.),  which  contain  iron  in  the  ferrous  state  (FeO'.  It  con- 
sequently occupies,  as  a  hoc  ore.  marshy  places,  into  which  it  has  been  borne  by  streamlets 
from  the  hills  around.  It  is  often  associated  with  manganese  ores.  Limonite  is  a  common 
ore  in  Bavaria,  the  Hnrz.  Luxembourg.  Scotland.  Sweden,  etc. 

Abundant  in  the  United  States.  Extensive  beds  exist  nt  Salisbury  and  Kent,  Conn., 
also  in  the  neifirhboring  towns  of  New  York,  and  in  a  similar  situation  in  Berkshire  Co., 
Mass.,  and  in  Vermont;  in  Pennsylvania  widely  distributed;  also  in  Tennessee,  Alabama, 
Ohio,  etc. 

Named  Limonite  from  Xet/JoSv.  meadow, 

Turgite.  Hydrohematite.  Fe^H^O,  or  2FeaO>.HaO.  Resembles  limonite  but  has  a 
red  streak.  G.  =  4*14-4 -6.  Decrepitates  B  B.  From  the  Tureinsk  mine  iu  the  Ural,  etc.; 
also  from  Salisbury,  Conn.     Intermediate  between  hematite  and  limonite. 

Xanthosiderite.  Gelbeisenstein.  FeaO>.2H«0.  In  fine  needles  or  fibers,  stellate  and 
concentric;  also  as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated 
with  manganese  ores  at  llmcnau,  etc. 

BAUXTTB.    Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  oolitic;  and 
earthy,  clay-like.  G.  =  255.  Color  whitish,  grayish,  to  ocher-yellow,  brown, 
and  red. 
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Var.— 1.  In  concrelionary  grains,  oroOlilic;  bauxite.  1  Clay-like,  woeheinUe;  the  purer 
kind  grayish.claylike.contumiiig  very  little  iron  oxide;  also  red  from  the  iron  oxide  present. 

Coiup Essentially  A1,0,.2H  0  =  Alumina  73-9,  water  261  =  100;  some 

analyses,  however,  give  A1,0,.H,0  like  diaspore. 

Iron  sesquioxide  is  usually  present,  sometimes  in  large  amount,  in  part  replacing 
alumina,  iu  pun  only  an  impurity.  Silica,  phospboric  acid,  carbonic  acid,  lime,  magnesia 
are  common  iinpurilies. 

Obs.—From  Baux  (or  Beaux),  near  Aries,  and  elsewhere  in  France,  disseminated  in 
grains  in  compact  limestone,  and  also  oOlitic.  Woeheinite  occurs  in  Carniola,  between 
Feistritz  and  Lake  Wochein.  The  purest  bauxite  is  used  for  the  manufacture  of  alumin- 
ium (aluminum),  und  is  called  aluminium  ore.  In  the  U.  S.,  bauxite  occurs  in  Saline  and 
Pulaski  Cos..  Arkanstis;  also  in  Cherokee  and  Calhoun  Cos.,  Alabama,  and  in  Floyd, 
Barton  and  Walker  Cos.,  Georgia. 


Brucite  Group.     B(OH),.    Bhombohedral. 

BRUorrs. 

Rhombohedral.     Axis  d  =  15208;  cr  =  60**  204',  rr'  =  97°  371'. 

Crystals  usually  broad  tabular.  Also  commonly  foliated  massive;  fibrons^ 
fibers  separable  and  elastic. 

H.  =  2  5.  O.  =  2*38-2*4.  Cleavage:  c  eminent.  Folia  separable  and 
flexible,  nearly  as  in  gypsum.  Sectile.  Luster  |  c  pearly,  elsewhere  waxy  to 
vitreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent  to 
translucent.     Optically  +.     Indices:  c*?,  =  1*559,  6^=15795. 

Comp.,  Var. — Magnesium  hydrate,  Mg(OH),  or  MgO.H,0  =  Magnesia 
G9'0,  water  :H  '0  =  100.     Iron  and  manganese  protoxide  are  sometimes  present. 

Var.  — Ordinary,  occurring  in  plates,  white  to  pale  greenish  in  color;  strong  pearly 
luster  on  the  clenvu^c  surface.  Nemalite  is  a  fibrous  vaiiety  containing  4  to  5  p.  c.  iron 
protoxide,  with  G.  =  2  44  Niittall.  ManganhrucUe  contains  manganese;  occurs  granular; 
color  houev  vellow  to  brownish  red. 

P3rr.,  etc.— In  the  closed  tube  gives  off  water,  becoming  opaque  and  friable,  sometimes 
turning  gniy  to  brown:  the  mangauesian  variety  becomes  dark  brown.  B.B.  infusible, 
glows  with  a  bright  light,  and  the  ignited  mineral  reacts  alkaline  to  test-paper.  With 
cob.ilt  solution  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is  soluble  in 
acids  without  effervescenc**. 

DiflL— Distini^uished  by  its  infusibility.  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  tulc  and  differs  in  its  solubility  in  acids;  the  magnesia  test  and  optical  characters 
sepjinite  it  from  irypsum.  which  is  also  somewhat  softer. 

Obs.— Accoui pan ies  either  raugnesian  minenils  in  serpentine,  also  found  in  limestone.  At 
Swinauess  in  Unst,  Shetland  Isles;  at  the  iron  mine  of  Cogne,  Aosta,  Italy;  near  Filipstadt 
in  Sweden.  At  HolMiken,  X.  J  ,  in  serpentine;  at  the  Tilly  Foster  iron  mine.  Brewster, 
N.  Y..  well  crysialiizc'l;  Richmond  Co..  N.  Y.:  at  Wood's  mine.  Texas,  Pa.,  in  large 
plates  or  nia-*ses,  and  often  crystallizations  several  inches  ncross;  at  Low's  mine  with 
li^droniagnesiie.  Nemalite,  tht*  fibrous  variety,  occurs  at  Hoboken.  and  at  Xettes  in  the 
\o8ges.  yfanganbninw  occurs  with  Imusmannite  and  other  manganese  minerals  in  the 
granular  limestone  of  Jakohslierjr.  N<»rdmark.  Sweden. 

Named  after  the  early  American  mineralo£ri«t.  A.  Bruce  (1777-1818^. 

Pyrochroite  Manganese  hydrate.  Mn(OH),.  Usually  foliated,  like  brucite.  Luster 
pearly.  Colr)r  wliite,  but  growing  dnrk  on  exposure  Occurs  in  mngnetite  at  Pajsberg. 
Sweden;  also  at  Nordmark;  and  at  Franklin  Furnace,  N.  J. 


aiBBSmS.     Hydrar-illite. 

Monoclinic.  Axes  a  :  i  :  ^  =  1-7089  :  1  :  1-9184:  ft  =  85°  29'.  Crvstals 
tabular  ||  r,  hexagonal  in  aspect.  Occasionally  in  spheroidal  concretions. 
Also  stalactitic,  or  small  mammillary,  incrustiiig,  with  smooth  surface,  and 
often  a  faint  fibrous  structure  within." 

Cleavage :  c  eminent.     Tough.    IL  =  2-5-3-5.    G.  =  2-3-2-4.     Color  white. 
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grayiflhy  greenish,  or  reddish  white.  Luster  of  c  pearly;  of  other  faces 
vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes  transparent 
in  crystals.     A  strong  argillaceous  odor  when  breathed  on. 

Comp.— Aluminium   hydrate,  Al(OH),  or  A1,0,.3H,0  =  Alumina  65*4, 
water  34  6  =  100. 

Pyr.,  etc.— In  tbe  closed  tube  becomes  white  aud  opaque.  uDd  yields  water.  B.B.  infus- 
ible, whitens,  and  does  not  impart  a  gre«n  color  to  the  flame.  With  cobalt  solution  gives  a 
-deep  blue  color.    Soluble  in  concentrated  sulphuric  ucid. 

Oba.— The  crystallized  gibbsite  (hydrargillite)  occurs  in  the  Shishimsk  mountuius  near 
Zlatoust  in  the  Ural:  also  in  crystals  filling  cavities  in  natrolite  in  the  Ltiugesundfiord.  Nor- 
way; Ouro  Preto,  Minas  Geraes,  Brazil.  In  the  U.  8..  in  slalactitic  form  at  Richmond, 
Ma88.,  in  a  bed  of  limonite;  at  the  Clove  Mine,  Union  Vale,  Dutchess  Co.,  N.  Y.,  on  limo- 
nite;  in  Orange  Co.,  N.  Y. 

Named  after  Col.  Qeorge  Gibbs. 

Sassolite.  Boric  acid,  B(OH)s.  Crystals  tabular  |  c  (triclinic).  Usually  small  white, 
pearly  scales.  G.  =  1  '48.  From  the  waters  of  the  Tuscan  lagoons  of  Monte  Rotondo  and 
-CastelnuoTO.  Exists  also  in  other  natural  watera,  as  at  Clear  Lake,  in  Lake  Co.,  California. 
Occurs  also  abundantly  in  the  crater  of  Vulcano,  Li  pari  isles. 

Hydrotalcite.  Perhaps  Al(OH)t  8Mg(OH)s.3H«0.  Lamellar- massive,  or  foliated,  some- 
-what  librous.  H.  =2.  G.  =  2  04-3  09.  Color  white.  Luster  pearly.  Occurs  at  the  mines 
of  Shishimsk,  district  of  Zlatoust,  Ural;  at  Snarum,  Norway,  in  serpentine  {hydrotalcite), 

Pyroanxite.  Perhaps  Fe(OH)t.8Mg(OH)s.8H«0.  Occurs  at  the  L&ngban  iron-mine, 
Wermland,  Sweden,  in  gold  like  submetallic  ^caX^a  {pvroaurite).  In  thin  seams  of  a  silvery 
white  color  in  serpentine  in  the  island  Haaf-Grunay,  Scotland  (igeUtromiie), 

Ohaloophanite.  Hydrofranklinite.  (Mii,Zn)0.2MnO,.2HsO.  In  druses  of  minute 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  aspect.  Also  in  foliated  aggre- 
gates; stalactitic  and  plumose.  G.  =3*907.  Luster  metnllic.  brilliant.  Color  bluish  black 
to  iron -black.  Streak  chocolate-brown,  dull.  Occurs  at  Sterling  Hill,  near  Ogdensburg, 
Sussex  Co. ,  N.  J. 

PSUiOMBLANB. 

Massive  and  botryoidal ;  reniiorm ;  stalactitic.  H.  =  5-6.  G.  =  3*7-4 'T. 
Luster  submetallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.     Opaque. 

Comp. — A  hydrous  manganese  manganate  in  which  part  of  the  manganese 
18  often  replaced  by  barium  or  potassium,  perhaps  conforming  to  H^MnO,. 
The  material  is  generally  very  impure,  and  the  composition  hence  doubtful. 

Pyr.,  etc  — In  the  closed  tube  most  varieties  yield  water,  and  all  lose  oxygen  on 
iffniiion;  with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  wiih  evolu- 
tion of  chlorine. 

Oba. — A  common  but  impure  ore  of  manganese;  frequently  in  alternating  layers  with 
pyrolusite.  From  Devonshire  and  Cornwall;  Ilefeld  in  the  Harz;  also  at  IImen:iu.  Siegen, 
etc.  Forms  mammillary  masses  at  Brandon,  etc.,  Vt.  In  Indef>endence  Co.,  and  else- 
where in  Arkansas.  With  pyrolusiie  at  Douglas,  Hants  Co.,  Nova  Scotia.  Named  from 
^t\6i,  smooth  or  naked,  and  /i^\(x?,  black. 

The  foUowine:  mineral  substance*  here  included  are  mixtures  of  various  oxides,  chiefly 
■of  manganese  (MnOa,  also  MnO).  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  c. 
water.  These  are  results  of  the  decomposition  of  other  ores— partly  of  oxides  and  sul- 
phides, partly  of  mnngnnesian  carbonates,  and  can  hardly  be  regarded  as  representing 
distinct  mineral  species. 

Wad.  In  amorphous  and  ronifnrm  masses,  either  oarthy  or  compnct;  also  incrusting 
or  as  stains.  Usually  very  soft,  soilinir  the  finirci*s;  less  r»fipn  hard  to  H  =6.  G.  =  8*0- 
4*26;  often  loosely  aggregated,  and  feeling  very  light  to  the  hand.  Color  dull  black,  bluish 
or  brownish  black. 

Bog  Manoanese  consists  mainly  of  oxide  of  manganese  and  water,  with  some  oxide  of 
iron,  and  often  silica,  ahimina,  baryta 

AsBOLiTE,  or  Earthy  Cobalt,  contains  oxide  of  cobalt,  which  sometimes  amounts  to 
82  p  c. 

Lampaditk.  or  Oupr^ouM  Manganese,  is  a  wad  containing  4  to  18  p.  c.  of  oxide  of 
<5opper,  and  often  oxide  of  cobalt  also. 
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VI.  Oxygen-salts. 

The  Sixth  Class  includes  the  salts  of  the  various  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
3.  Niobates  and  Tantalates;  4.  Phosphates^  Arsenates,  etc.;  also  the  !Nitrates; 
5.  Borates  and  Uranates;  6.  Sulphates,  Chromates  and  Tellurates;  7.  Tung- 
states  and  Molybdates. 

1.  CARBONATES. 

A.  Anhydrous  Carbonates. 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  Calcite  Oboup  and  the  Abagonite  Group.  The  metallic  elements 
present  in  the  former  are  calcium,  magnesium,  iron,  manganese,  zinc  and 
cobalt;  in  the  latter,  they  are  calcium,  barium,  strontium  ana  lead. 

The  species  included  are  as  follows: 

Calcite  Group.    RCO,.    Rhombohedral. 

Calcite  CaCO,  74^66'    0-8543 

Dolomite  (Ca,Mg)CO,  Tri-rhombohedral     73*^46'    0-8322 

Normal  Dolomite  OaCO,.MgCO, 

Ankerite  CaCO,.(Mg,Fe)CO,  73M8'    08332 

Magnesite  MgCO,  72°  36'    0-8112 

Breunnerite  (Mg,Fe)CO, 

Xesitite  2MgC0,.FeC0,  72M6'    08141 

Pistomesite  MgCO,.FeCO,  72°  42'    0-8129 

Siderite  FeCO,  73°    0'    0*8184 

Oligonite  (Fe,Mn)CO, 

Bhodochrosite  MnOO,  73**    0'    08184 

Manganosiderite  (Mn,Fe)CO, 

Manganocalcite  pt.  (Mn,Ca)CO, 

Smithsonite  ZuCO,  72°  20'    0-8063 

Monheimite  (Zn,Fe)CO, 

Bphsrocobaltite  CoCO, 

This  list  gives  not  only  the  prominent  species  of  this  group,  but  also  some  of  the 
isomorphoiis  intermediate  compounds. 

The  Calcite  Group  is  characterized  by  rhombohedral  crystallization.  All 
the  species  show,  when  distinctly  crystallized,  perfect  rhombohedral  cleavage, 
the  angle  varying  from  75°  (and  105°)  in  calcite  to  73°  (and  107°)  in  siderite. 
This  is  exhibi*^ted  in  the  table  above. 

2,  Aragonlte  Group.     RCO,.     Orthorhombic. 


rnm'" 

a  :o  ;  t 

Aragonite 

CaCO. 

63°  48' 

0-6224  :  1  :  07206 

Bromlite 

(Ca,Ba)CO, 

Witherite 

BaCO, 

62°  12' 

0-6032  :  1  :  0*7302 

Strontianite 

SrCO, 

62°  41' 

0-6090  :  1  :  07239 

Cemssite 

PbCO, 

62°  46' 

0-6100  :  1  :  0*7230 
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The  species  oi  the  Araqon'ite  Group  crvstallize  in  the  orthorbombic 
sysk'm,  but  the  relation  to  those  of  the  Calcite  Group  ia  made  more  close  by 
the  fact  th;it  the  prisniatic  iingle  varies  a  few  degrees  only  from  GO"  (and  120') 
and  the  twinned  forms  with  the  fundamental  prism  as  twinning-plane  are 
pseudo-hexagonal  in  character. 


1.  Calcite  Oronp.     RCO,.     Rhombohedral. 
OAtiOlTG.    KalkBpfttli  Qerm.    Cslc  Spar;  Calcareoua  Bpor. 
BhombohedraL    Axis  i  =  08543. 

680.  «88.  090.  691. 


er,* 

0001  A  lOil  =  44°  sei'. 

w-. 

8l8l  A  Sail  =  75°  3S^. 

M, 

0001  A   0113=  26*15'. 

w. 

3l3l  A  3l5l  =  M°  36'. 

me. 

lOiO  A  0112=  83-45'. 

to" 

2l8t  A  1331  =  47°  1^'. 

rr-, 

lOil  A  ilOl  =  74°  55'. 

*/. 

8251  A  8521  =  TO'Sft". 

M* 

Olii  A  1012  =  45°  ff. 

yy 

8i8l  A  5231  =45*82'. 

0*'. 

0554  A  5054  =  84"  33^'. 

*»•' 

82Sl  A  285i  =  20°  Iff. 

JT. 

OiSl  A  2021  =  101°  o-. 

if. 

2l84  A  8124  =  20°  381'. 

MM 

4041  A  4401  =  114°  10". 

me' 

3145  A  4i55  =  16°  C. 

See  Uie  apbericnl  projvciiun.  Fig.  853.  p.  79. 
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Habit  of  crystals  very  varied,  as  shown  in  the  figures,  from  obtuse  to  acute 
rhombohedrul;  from  thin  tabular  to  long  prismatic;  and  scaleuobedral  of 
many  types,  often  highly  modified. 

'I'wina  (see  Figs.  383-3S0,  p.  12C) :  (1)  Tw,  pi.  c,  common,  the  crystals  having 
the  suiue  vertical  aiis.  (3)  Tw.  pi.  e  (Oll2),  very  common,  the  vertical  axes 
inclined  1^7"  'i'J^'  and  52°  30*' ;  often  producing  706, 

twinning  lamellte  its  in  Iceland  Spar,  which  are, 
in  many  ciises  of  secondary  origin  as  in  gran- 
ular limestones  {Fig,  705);  this  twinning  may 
be  produced  artificially  (see  p.  148).  (3)  Tw. 
pi.  r,  not  common;  the  vertical  axes  inclined 
90'  46'  and  89"  14'.  (4)  Tw.  pi.  /  (025l), 
rare;  the  axes  intersect  at  angles  of  53''  4C'  and 
Uii"  14'. 

Also  fibrous,  both  coarse  and  fine;  some- 
times lamellar;  often  granular;  from  coarse 
to  impnlpable,  and  compact  to  earthy.  Also 
staliictitic,  tuberose,  nodular,  and  other  im- 
itative forms. 

Cleavage:  *■  highly  perfect.  Parting  y  e  (0ll2.)  due  to  twinning.  Fracture 
conchoidal,  obtained  with  difficulty.  II,  =  3,  but  varying  with  the  direction 
on  the  cleavage  face;  earthy  kinds  softer,  G.  =  2-714,  in  pure  crystals,  but 
varying  somewhat  widely  in  impure  forms,  as  in  those  containing  iron,  man- 
ganese, etc.  Luster  vitreous  to  subvitrcouB  to  earthy.  Color  white  or  colorless ; — 
also  various  pale  shades  of  gray,  red,  green,  blue,  violet,  yellow ;  also  brown  and  ^ 
black  when  impure.     Streak  white  or  grayish.     Transparent  to  opaque. 

Optically—,  Birefringence  very  high.  Refractive  indices  for  the  D  line: 
(D=  1-0jH4"J,  e  =  1'48625. 

Comp.— Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44'0,  lime  56  0  =  100. 
Small  quantities  of  magnesium,  Iron,  manganese,  zinc,  and  lead  may  be  present 
replacing  the  calcium. 

Var.^Tlie  Viirieliea  are  Tery  Dunieroiis,  and  diverse  In  appenraDce.  They  depend 
mniiily  on  the  rulluwing  pojuts;  difFereiices  hi  crystal lizallon  uud  slrucluial  condltton, 
prestuce  of  impurities,  etc.,  tlie  eilremes  being  perlvct  cryslnlB  and  earthy  massive  (orms; 
also  uQ  cumposiliou  as  affected  by  isomorpbous  rtplac 


A.   Vauibtibs   babbd 


a  CBTBTALLrSATION  t 


i  Accidental  Ihfubitieb. 


1.  Ordinarg.  In  cryatalii  and  cleavablc  masses,  the  cryptalsTaryine  very  widely  fn  habit 
as  already  noted.  Dog-tooth  Spar  \a  an  acute  scaleuohednd  form;  Nail-Kcad  Spar,  ti  cam- 
posile  vaiiely  haviue  the  form  suggested  by  the  name.  The  ti-aiisparent  variety  from 
Iceluntl,  used  fur  polarizing  prisms,  etc.,  is  cslled  Iceland  Bpiir  or  Doably-rrfractiTig  Spar 
(D'ipi>el9piitli  Germ.).  As  regardsroior,  crystallized  ciilcile  Taries  from  tiie  kinds  which  are 
periei-Oy  clear  and  oolorlcss  tlirough  yellow,  pink,  purple,  blue,  to  hrowu  and  black.  The 
color  in  usually  pale  except  as  caused  by  Impurities.  Tliese  impurities  m»y  be  pyrite, 
native  roppi-r,  mnlnchite.  saad,  etc.;  tbey  are  so  met  imcs  arranged  in  Bymmetricsl  furm,  as 
depf-ndiug  u|Min  the  srowlh  of  the  cryeiali  and  bence  pmdure  many  varieties. 

FontainrhUiiu  timetUme,  from  Foiitainebleau  iind  Nemours,  France,  contains  a  large 
amount  of  «nnd,  gome  SO  lo  93  p.  c.     Similar  forms  occur  al  ollitr  localities. 

3.  Kihrenu  and  lameUar  kiade.  Satin  Spar  la  fine  fibrous,  wilh  a  silky  luster;  resembles 
flbnius  gypsum,  also  railed  satin  spar,  but  is  much  harder  than  gypsum  and  eServeacea 
wilh  acids. 

.^r^nfin^  is  a  pearly  lamellar  calcile,  the  lamellR  more  or  less  nndulatltig;  color  white, 
grsyiiib.  yellowish  Aphrile,  in  Its  liardcr  and  more  sparry  variety  ^Sehatimtpath),  is  a 
foliated  white  pearly  calcile.  near  argentine;  in  iti  softer  kinds  {Seinamerde)  it  approaches 
chalk,  tbiiugh  ligliier.  pearly  in  luster,  nilvery  white  or  yellowish  in  color,  soft  and  greasy 
to  the  touch,  and  more  or  leu  scaly  ia  s( 
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8.  Granular  massive  to  cryptocrystaUine  kinds  :  Limestone,  Marble,  Chalk, 

Oranular  limestone  or  Saee/utrotdal  limestone^  so  named  because  like  lonf  sugar  in  frac* 
ture,  varying  from  coaise  to  very  fine  granular,  and  hence  to  compact  limestone;  colors 
are  various,  as  white,  yellow,  reddish,  gieen;  usually  they  arc  clouded  and  give  a  handsome 
effect  when  the  material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for 
arc  litectural  or  ornuinentul  use,  they  are  culled  marbles.  Many  varieties  have  special 
names.  Shell-marble  amaisis  largely  of  fossil  shells;  LumachelU  ov  fire-marble  is  a  dark 
brown  shell -inarble.  with  brilliant  fire  like  or  chatoyant  internal  reflections.  Ruin-marble 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  polished,  figures  bearing  some 
resemblance  to  fortifications,  temples,  etc..  in  ruin8,  due  to  infiltration  of  iron  oxide,  etc. 

Litfiographic  stone  is  a  very  even-grained  compact  limestone,  of  buff  mr  drub  color;  aa 
that  of  Solenhofeu.  Hydraulic  limestone  is  an  impure  limestone  v^hich  after  ii:n  it  ion  sets, 
i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicate.  The  French 
varieties  contain  2  or  3  p.  c.  of  magnesia,  and  10  to  20  of  silica  and  alumina  (or  clay).  The 
varieties  in  the  United  States  contain  20  to  40  p.  c.  of  miignesin,  and  12  to  80  p.  c.  of  silica 
and  alumina.  Hird  compact  limestone  varies  from  nearly  pure  white,  through  gmyisb, 
drnb,  buff,  yellowish,  and  reddish  shades,  to  bluish  gray,  dark  brownii-h  gray,  and  black, 
and  sometimes  variously  veined.  Many  kinds  make  beautiful  marble  when  polished.  Red 
oxide  of  iron  produces  red  of  different  shades.  Shades  of  green  are  due  to  iron  protoxide^ 
chromium  oxide,  iron  silicate. 

Gkalk  is  white,  grayish  white,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  board. 
Calcareous  marl  is  a  soft  earthy  deposit,  with  or  without  distinct  fragments  of  shells;  it 
generally  contains  much  clay,  and  graduates  into  a  calcareous  clay. 

Oolite  is  a  granular  limestone,  its  grains  minute  concretions,  looking  somewhat  like  the 
roe  of  fish,  the  name  coming  from  oodv,  egg.  Pisolite  (Erbsensteiu)  consists  of  coucretions- 
as  large  often  as  a  small  pea,  or  larger,  having  usually  a  distinct  concentric  structure. 

Di'posilei  from  ealctreous  springs,  streams,  or  in  eai^ms,  etc.  (a)  Stalactites  are  cal- 
careous cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  ar» 
formed  from  the  waters  that  drip  through  the  roof;  these  waters  hold  some  calcium 
bicarbonate  in  solution,  and  leave  calcium  carbnnate  to  form  the  stalactite  when  evaporatioa 
takes  place.  Stalactites  vary  from  transparent  to  nearly  opoque;  from  a  crystalline  struc- 
ture wiih  single  cleavage  directions  to  coarse  or  fine  granular  cleavable  and  to  radiating' 
fiurous;  from  a  white  color  and  colorless  to  yellowish  gray  and  brown,  {b)  Stalagmite  is  the 
same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that  drop  from 
the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  from  the 
floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved,  or  bent. 
Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  large  scale,  is  the  alabaster 
stone  of  ancient  writers,  that  is,  the  stmie  of  which  ointment  vases,  of  a  certain  form  called 
aliibtsters,  were  made.  A  locality  near  Thebes,  now  well  known,  was  largely  explored  by 
the  ancients,  and  the  material  has  often  been  hence  called  Egyptian  alabaster.  It  was  also 
formerly  called  onyx  and  onychites  because  of  its  beautiful  banded  structure.  Id  the  arts  it 
is  often  now  called  Oriental  alabaster  or  onyx  martde.  Very  beautiful  marble  of  this  kind 
is  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from  Tecali,  Puebla, 
Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zempoaltepec  iii^ 
southern  Mexico.  Similar  kinds  occur  in  Missouri,  Arizona.  San  Luis  Obispo  Co.,  Cali« 
fornia.  (e)  Cale^inter,  Travertine,  Cole  Tvfa,  Travertine  is  of  essentially  the  same  origin 
with  stalagmite,  hut  is  distinctively  a  deposit  from  springs  or  rivers,  especially  where  in 
large  deposits,  as  along  the  river  Anio.  at  Tivoli,  near  Rome,  where  the  deposit  is  scores  of 
feet  in  thickne<<s.  {d)  Agaric  mineral;  Rock-milk  is  a  very  soft  white  material,  breaking- 
easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime  in 
solution.  («'  Boch-meal  is  white  and  light,  like  cotton,  becoming  a  powder  on  the  alighteat 
pressure. 

B.  Varibtibb  based  upon  Composition. 

These  include:  Dolomitic  caleiie.  Contains  magnesium  carbonate,  thus  graduating 
toward  true  dolomite.  Also  bariealdte  (which  contains  some  BaCOa);  similarly,  strontiano- 
caldie  (SrCOi).  ferrocakite  (FoCOs),  manganoealeite  (MnCOa),  sincocalcite  (ZnCOt), 
plumbocaleite  ( Pb(50s). 

Pyr.,  etc. — B.  B  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  reddish 
yellow;  after  ignit'ou  the  assay  reacts  alkaline;  moistened  with  hydrochloric  acid  imparts 
the  eharaci eristic  lime  color  to  the  flame.  In  the  solid  mass  effervesces  when  moistened 
with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even  in  cold  acid- 
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Diff— DiBtlnguishiiig  cliRrftclen:  perfect  rhombohednil  cleavage;  softDees.  can  be 
BcratcLed  nitli  a  knife;  eServeBCecice  ia  colil  illlute  aciU;  In fusfbllily.  Less  liunl  aud  uf 
lower  spedfic  graTily  Ihau  arogouite  (wli.  lee).  KesemblcB  in  Us  ilifleriut  Ttirteiiea  tlie 
otiier  rlioiiiboheilial  carbotmles,  but  is  less  bard,  of  luwor  »^cillc  ipikvit]',  aud  mure 
readily  ullnckcd  by  add.  Also  resembles  soiue  vsrielies  of  Itarite,  but  bus  lower  spiH-'iflc 
gravity:  U  la  leas  bard  thHU  feldspar  aud  harder  thau  gypsum. 

Htrcoguized  in  tlilu  secllous  by  its  low  refraelion  aud  very  bigh  blrefriugence,  tbe 
polnriMlion  colors  lu  tlie  ttiioDest  sec  t  i  ous  u  Haiti  in  g  wblte  of  Ibe  bigbeat  order.  I'lie  nega- 
tive interference  Hgure.  with  uiauy  closely  crowded  colored  rings,  is  also  ehiinicterlsilc. 
Tbe  i'kuml)Obedr«l  cleaviigc  is  ufteu  hIiowd  in  Ibe  Hue  Fracture  Hues;  systems  of  twiuued 
lanielliB  ofieti  couepicuous  (Kig,  705),  especially  in  crystalline  llmeEioiie. 

Obi.— Ciilcite,  tu  lis  vnriotts  forms,  Is  one  of  the  most  widely  distributed  of  niluerals. 
Betls  of  sedimentary  Ihnestouc,  formed  from  urgiiuic  reuiuins,  shells,  crliioi.ls.  corais.  etc., 
yield  on  meianiorphism  crysialliuu  limeNloue  or  ninrble,  und  iu  ciinueciiou  wlib  ibesc 
crystullised  caleitc  und  also  deposits  iu  caves  of  sluluclites  und  stulugtiiiteH  uflrn  oc:cur. 
Common  witb  ibe  zeolites  in  ciivitics  und  veins  of  igneous  rocks  as  u  result  nf  ulleratiou, 
and  similarly  tliou^b  less  ubiindaDt  wlib  gmuiie,  syenite,  etc.  A  frequent  ininenil  iu 
melalliferous  ileposils,  with  lead,  copper,  silver,  etc.  Deposited  from  lime-lMnriug  waters 
as  eulo  sinter,  travertine,  etc..  especially  iu  couoection  witb  hot  spriugs  as  at  the  Mauimotli 
Hot  Springs  in  the  Yellowitonu  regiou. 

Some  of  the  best  known  localities  for  crystallized  calcite  are  the  following;  Andreas- 
berg  in  llie  Harz:  the  mines  of  Freiberg.  Scbneeberg.  etc.,  Id  Saxony;  Kapuik  iu  Hungary; 
AuKtig  iu  Bohemia;  Bleiberg  hi  Cariitthiii;  Traversellu  in  Piedmont;  Kibu.  lu  Englaud 
at  Alston  Moor  and  E'^remout  hi  Cumberland:  Mnttock,  Derbyshii-e;  Beer  Alirton  in 
Devonshire;  at  tiuiiicrous  points  [□  Coniwail;  Wenrdale  in  Durbam;  SLiUkmine,  Lanca- 
shire. In  twin  crystals  of  great  variety  and  beauty  at  Qiinnajunto,  Mexico.  'I'lie  leetand 
tpar  lins  been  obtained  from  Iceland  near  Helgiistiulir  on  the  Kaketlord.  I(  occurs  in  a 
large  caviiy  in  basalt.  The  crystals,  usually  sbowiug  tbe  fundameDlnl  rbombohedron,  are 
often  eoiiieil  with  itifts  of  siilbile. 

Id  the  U.  Stales,  crystallized  calclte  occurs  in  J^  York,  in  St.  Lawrence  Co..  especially 
at  rbe  Rossie  lend  mine;  iu  Jefferson  Co.,  near  Oxbow:  dog-tooth  »par,  in  Nlacara  Co, 
nearLockport.wlih  pearl  spar,  celestite,  etc.;  in  Lewis  Co.,  at  Leyden  and  Lnwvilie,  andat 
tbe  Hurllnsbiirg  lead  mine:  at  Anihony's  Nose  on  the  Hndvon.  formerly  groups  of  Isrge 
tabular crysials.  In  If.  Jeney,  at  Bergen,  yellow  cjilclte  witb  dHloliie.  'ti:.  In  Virginia, 
at  Wler's  cave,  tfuiaeMi-t  of  great  beauty;  also  in  the  large  caves  of  Kentucky.  At  tb« 
I^ke  Superior  copper  mines,  complex  crystals  often  coninining  scales  of  inillve  copper. 
At  Warsaw,  lUinoii,  in  great  variety  of  form,  lining  Ewxles  nnd  implxnted  on  quarts 
cryslnis:  nl  Quiiicy.  In  .Viuouri,  with  dolomite  near  Bt.  Louis;  also  with  sphnlerile  at 
Joplin  and  other  points  In  ihe  slue  region  in  the  south  western  part  of  the  stale,  the 
crysluls  usually  scaleuohedral  and  of  a  wlue-yellow  color.  Prom  tbe  Bod  Lands.  South 
r..i.  ...      •  ^  Nova  Scotin,  at  Partridge  1.,   a  wine-colored  cslclic,  and  other  tnteresting 


Thisoutb,  a  tufa  deposit  of  calcium  carbonate  occurring  on  an 
Dorib-wesLern  Nev:idii:  also  occurs  about  Mono  Lake.  CallfornlH.  It  forms  layers  of  Inter- 
laced crysluls  of  a  pnle  yellow  or  light  hrriwn  cohir  and  often  skeleton  structure  except 
when  covered  by  subsequent  deposit  of  calcium  carbonate. 

DOLOMrm.    Pearl  Spar  pt. 
Tri  rhomboliedral.     Axis  d~0  8332. 
er,   0001  A  lOil  =  «°  52-.     MM'.  40il  a  ^401  =  118*  SS". 
■    rr",  lOil  A  il01=73''4ff. 

Habit  rhoinbohedral,  UBtially  r  or  M{iOi\):  the 
presence  of  rhumbobedronsof  the  second  or  third  series 
after  the  phenacito  type  very  characteristic.  The 
r  faces  commonly  curved  or  made  up  of  sub-individ- 
uals, and  thus  passing  into  saddle-Bhaped  forms  (Fiji;. 
706).  Also  granular,  coarse  or  fine,  resembling  ordin- 
ary marble. 

Cleavage:    r  perfect.     Fracture  subcoDcboidal.     Brittle.     H-  =  3-5-1 
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G.  =  2'8-2'9.  Luster  vitreous^  inclining  to  pearly  in  some  varieties.  Color 
uhile,  redrlish,  or  greenish  white;  also  rose-red,  green,  brown,  gray,  and  black, 
'i'ransparent  to  translucent.  Optically  — .  u?^  =  1*68174  Na.  e^  =  l'50;i56 
Sii,  Fizeau. 

Comp. — (!iir\x>uate  of  calcium  and  magnesium  (Ca,Mg)CO,  ;  for  normal 
dolomite  CaMgC,0,  or  CaCC.MgCO,  =  Carbon  dioxide  4T*9,  lime  30*4, 
magnesia  21*7  =  100,  or  Calcium  carbonate  54*35,  magnesium  carbonate  45*65 
=  loo.  V'arieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1:1.  The  carbonates  of  iron  and  manganese  also  sometimes  enter ;  rarely 
cobalt  and  zinc  carbonates. 

Pyr..  etc.-  B.B.  acts  like  culcite.  Fragmeuts  tlirowu  into  cold  acid,  unlike  calcite,  are 
only  very  slowly  acted  upou,  if  at  all,  while  iu  ftowder  io  warm  acid  the  mineral  is  readily 
<li»t»<>lve(i  with  ellerve«ceiice.     The  ferriferous  dolomites  become  brown  ou  exposure. 

Diff  —  liesembK'S  calcite  (seep.  857),  but  generally  to  be  distinguished  in  that  it  does 
noi  etrerves<!e  readily  iu  the  mass  in  cold  acid. 

Obi. — Massive  dolomite  constitutes  extensive  strata,  cnllcd  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  Crystalline  and  compact  varieties 
are  often  associated  with  serpentine  and  other  magnesian  n>cks.  and  with  ordinary  lime- 
stones. Some  prominent  locidiiies  are:  Leogaug  iu  Sal/biirg;  Schcmuitz  and  Kapnik  in 
Hungary:  Freiberg  in  Haxony.  In  Switzerland,  at  Bex,  in  crystals;  also  in  the  Binuenthal; 
Traverse! la  iu  Piedmont;  Campolongo. 

In  the  U.  Stales,  in  Vermont,  at  Koxbury.  In  N.  Jeney,  at  Hoboken.  In  N.  York,  at 
Lockport,  Niagam  Falls,  etc.;  ai  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co.,  with 
magnetite,  chondrodite.  In  saddle^shaped  crystals  with  the  sphalerite  of  Joplin,  Misiouri, 
In  ^.  Car.,  at  Stony  Point.  Alexander  Co. 

Named  after  Doloinieu  (1750-1801),  who  announced  some  of  the  marked  characteristics 
of  the  rock  in  1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and 
solubility  after  heating  in  acids. 

Anksrite.  CaCO,  (Mg.Fe.Mn)CO,.  or  for  normal  ankerite  2CaCO,.MgCO,.FeCOt. 
In  rhombohcdral  crystals;  r/  =  73^  48';  also  crystalline  massive,  granular,  compact. 
G.  =  2-95-8'1.  Color  while,  gray,  reddish.  Occurs  with  siderite  at  the  Styrian  mines, 
etc.     With  the  hematite  of  northern  New  York. 

MAONBSmi. 

Rhombohedral  Axis:  i  =  0  8112.  rr'  =  72°  36'.  Crystals  rare,  usually 
rhombohedral,  also  prismatic.  Commonly  massive;  granular  cleavable  to 
very  compact;  earthy. 

Cleavage:  r  perfect.  Fracture  flat  conchoidal.  Brittle.  H.  =  3 •5-4*5. 
O.  =  3*0-312,  cryst.  Luster  yitreous;  fibrous  varieties  sometimes  silky. 
Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to  opaque. 
Optically  — •.     Double  refraction  strong. 

Comp.— Magnesium  carbonate,  MgCO,  =  Carbon  dioxide  52-4,  magnesia 
47 T)  =100.     Iron  carbonate  is  often  present. 

Breunnerite  contains  several  p.  c.  of  FeO;  G.  =  8-8'2;  white,  yellowish,  brownish, 
rarely  black  and  bituminous;  often  becoming  brown  on  exposure,  and  hence  called  Brown 
8p(ir. 

Pyr.,  etc. — B.B.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly 
acted  u|K)n  l>y  cold  acids;  in  powder  is  readily  dissolved  with  effervescence  in  warm 
hydrochloric  acid. 

Obs. — Found  in  tatcose  schist,  serpentine  and  other  magnesian  rocks,  also  gypsum;  as 
veins  in  serpentine,  or  mixed  with  it  so  as  to  form  a  variety  of  verdaniique  marble. 
Occurs  at  HrubschUtz  in  Moravia;  at  Kraubat  and  Maria-Zeli,  Styria;  Greiner  in  the 
Zillerthal,  Tvrol;  Snarum.  Norway. 

In  the  U.  8.,  nt  Bolton,  Mass.;  at  Roxbury.  veining  serpentine;  at  Barehills.  near 
Baltimore,  Md.;  in  Penn..  in  crystals  at  West  Goshen.  Chester  Co.;  near  Texas,  Lancaster 
Co.;  in  Tulare.  Alameda  Cos..  California.  A  white  saccharoidal  magnesite  resembling 
statuary  marble  has  been  found  as  loose  blocks  on  au  island  in  the  St.  Lawreuce  Rivei; 
near  the  Thousaud  Island  Park. 
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Inlermedkle  betneen  maeuesite  aad  slilerke  nre: 

SIesititb.    SMgCOi.FeCO,,     it'  =  72°  48'.     O.  : 
boliedrous  it,  011-2;  wllb  rouuded  faces.     Trsversi 

PiBTOMKeiTE.     MgCOi.FeCOi  =  MBgDcsium  carboimie 430.  iron  carbooate 01 
rr'  =  72"  42'.     G.  =  8-43.     Tburnberg,  Salzburg:  nlsu  TraversellH. 

SIDBBIT^.    Cbalybite,  Spnibic  IroD.    EUeDapatb  Otrm. 

Elionibobedral.     Axis  i  =  0-8184. 
«r,    0001  A  lOil  =43°3&'.     rr',      1011  a  IlOl  =    78°    W.  ^^ 

■.-it.  0001  A  4041  =  75°  11'.  J/JT',  4041  A  4401  =  118' 43". 
J,  0001  A  0551  =  78"  3'.  «'.  0551  a  6051  =  115''50'. 
ed,  0001  A  08B1  =  83°  28'.    <W,     0881  a  8081  =  118°  18|'. 

Crystals  commonly  rhombohedral  r  or  e,  the 
faces  ofteu  curved  aud  built  up  of  siib-iudJTiduals 
like  dolomite.  Ofteu  cleavable  massive  to  coarse 
or  fine  granular.  Also  in  botryoidal  and  globular 
foFDiB,  subfibrous  witlijn,  occasiouully  silky  tibrons; 
compact  and  earthy. 

Cleavage:  r  perfect.  Fracture  uneven  or  subconcboidal.  Brittle.  H.  = 
35^.  G.  =  3-83-3'88,  Luster  vitreous,  inclining  to  pearly.  Color  ash-gray, 
yellowish  gray,  greenish  gray,  also  brown  and  brownish  red,  rarely  green;  and 
sometimes  white.  Streak  white.  Translucent  to  subtraueluceut.  Optically 
— .     Double  refraction  strong. 

Comp.— Iron  protocarbonate,  FeCO,  =  Carbon  dioxide  3T'9,  iron  protoxide 
621  =  100  (Fe  =  48-2  p.  c).  Manganese  may  be  present  (as  in  ohgoniie), 
also  magnesium  and  calcium. 

Pyt..  etc. 'Ill  the  cimed  tube  decrepitnles,  givei  oS  CO,,  blatkecs  and  becomes 
magatiic.  B  B.  bkcketis  mid  fuses  at  4-5.  Willi  tbe  fluxes  reads  for  [rou.  and  wiib  soda 
(lud  niter  on  pliiibitim  foil  geocrally  gives  u  mnngauese  reacliun.  Only  slowly  acted  upon 
by  cold  iicid,  bul  dissolves  with  brisk  tServescence  in  but  hydrochloric  acid.  Exposure  lo 
tbe  iiiMiospbere  darkens  its  color,  rendering  It  ofleu  of  a  UkckisL -brown  or  browuisb-red 

Diff.— Clin  met ertzcd  by  rliomliobi'dral  form  aud  cleavage.  SpeiJfic  griiTtly  bigber 
tbati  ilinl  c>r  ciitcile.  dolomite  and  tinkeilte.  Resembles  some  spbilerite  but  lacks  tbe 
reMnous  luster,  differs  in  cleavage  nngle  and  yields  COi  (no)  11,S)  whb  bydrocljloiic  acfd. 

Otu. — Occurs  in  many  of  the  rook  strata.  In  gneiss,  mica  slale.  clay  slaie,  aud  as  clay- 
iron-stone  in  connection  wiib  tlie  Coal  foruiatlou  and  many  olber  sintltfled  depiisita.  It  is 
oflen  associated  witli  metallic  ores.  At  Freiberg  it  occurs  in  silver  mines.  In  Coniwull  It 
flccompanifs  tin.  It  fs  also  found  accompanying  copper  and  iron  pyrites,  galena,  chalco- 
<'ile.  tet  railed  rile.  OecasioDnlly  It  Is  lo  be  met  wiib  in  trap  nicks  ns  *phtroniierite  In 
globular  conpretions.  Extensive  depoalta  occur  iu  tbe  Eastern  Alps,  tn  Slyria  and  Ciirlutbia. 
Ai  Hnrzifcrode  in  tbe  Harz.  it  occurs  in  flnc  crystals  ju  gray-wiicke;  also  in  Cornwall  ot 
varied  liahli  at  many  IcioBlJlies:  at  Alston-Moor,  and  Tavistock,  Devouabire.  Fine  cleavage 
musses  occur  uitb  cryolite  In  Greenland. 

In  llie  L'niied  Sliites,  In  Vtrmonl.  at  Pljmoutb.  In  Mau.,  at  Sterling.  In  Conn.,  at 
Roxbuvy,  an  extensive  vein  tn  quartz.  Iraveiaing  gneiss.  In  JV'.  York,  n  series  of  deposits 
occur  in  Cciliimliiii  Co.:  at  tlie  Kossic  iron  tniues,  St.  Lawrence  Co.  In  N.  Carolina,  at 
Ftniress  and  Harlem  mines.  Tbe  argillaceous  carbonnle.  In  nodules  and  beds  (clay  iron- 
stonel,  is  abundant  in  the  coal  reeionsof  Penn.,  Oblo,  and  mimy  parts  <if  the  counlry.  In 
a  clay-bed  under  the  Terliurj  along  tbe  west  side  of  Cbempeake  Bay  for  60  ni. 

RHODOOHROSTTB.     DIalogile.     Mangaospatb,  Himbeerspatb,  Otrm. 
Rhombohedral.    Axis  i  =  0-8184,  rr'  =  73°  0'.     Distinct  crystals  not  com- 
mon;   Hsnally   the   rhombohedron   r;    also  e,   with  rounded   striated  faces. 
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Gleavable,  massive  to  granular  massiye  and  compact.  Also  globular  and 
botryoidal,  with  columnar  structure,  sometimes  indistinct;  incrusting. 

Cleavage:  r  perfect.  Fracture  uneven.  Brittle.  H.  =  3*5-4*5.  G.  =  3*45- 
3*60  and  higher.  Luster  vitreous,  inclining  to  pearly.  Color  shades  of  rose- 
red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak  white.  Translu- 
cent to  subtranslucent.     Optically  — . 

Comp. — Manganese  protocarbouate,  MnCO,  =  Carbon  dioxide  38*3,  manga- 
nese protoxide  61*7  =  100.  Iron  carbonate  is  usually  present  even  up  to  40 
p.  c.,as  in  manganosiderile;  sometimes  the  carbonate  of  calcium,  as  in  man* 
gatiocalcite,  also  magnesium,  zinc,  and  rarely  cobalt. 

Pyr.,  etc. — B.B.  cliangcs  to  gray,  brown,  aud  black,  and  decrepitates  strongly,  but  is 
infusible.  With  salt  of  pbo-pliorus  aud  borax  in  O.K.  gives  an  ametUystiue-culored  bead, 
hi  R.F.  becomes  colorless.  Wiih  soda  on  platinum  foil  a  bluish-green  maugannte.  Dissolves 
with  effervescence  in  warn  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown, 
and  some  bright  Dse-reci  varieties  become  paler. 

Diff. — CbaiiieteriEed  by  its  pink  color,  rhombohedral  form  and  cleavage,  effervescence 
in  acids. 

Oba. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  with 
other  ores  of  manganese.  Found  at  Schemiiitz  aud  Eapuik  in  Hungary;  Kag3'4g  in 
Transylvania;  at  Freiberg  in  Saxony;  at  Diez  near  Oberneisen  in  Nassau;  at  Daaden, 
Rheinprovinz;  at  Moet- Fontaine  in  the  Ardennes.  Belgium.  In  the  U.  S..  at  Brauchville, 
Conn. ;  in  New  Jersey,  with  franklinite  at  Mine  Hill,  Franklin  Furnace.  In  Colorado,  at  the 
John  Reed  mine,  Alicante,  Lake  Co.,  in  beautiful  clear  rhombohednms;  also  at  the  Oulay 
mine,  near  Lake  City.  In  Montana,  at  Butte  City.  Abundant  at  the  silver  miues  of  Austin, 
Nevada.    At  Placentia  Bav,  Newfoundland. 

Named  rhodochronU  from  pdSov,  a  rase,  and  ;tpa70'i?,  color;  and  (Uaiogiie,  from 
SiaXoyif,  doubt. 

SmTHSONITZI.    Calamine  pt.    Zinkspath.    Dry-bone  Miners. 

Bhombohedral.  Axis  6  =  0-8063.  rr'  =  72°  20'.  Barely  well  crystallized ; 
faces  r  generally  carved  and  rough.  Usually  reniform,  botryoidal,  or  stalac- 
titiCy  and  in  crystalline  incrustations;  also  granular,  and  sometimes  impalpable^ 
occasionally  earthy  and  friable. 

Cleavable:  r  perfect.  Fracture  uneven  to  imperfectly  conchoid al.  Brittle. 
H.  =5.  G.  =  4'30-4'45.  Luster  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish  white,  sometimes  green,  blue 
and  brown.     Subtransparent  to  translucent.     Optically  — . 

Comp, — Zinc  carbonate,  ZnCOs  =  Carbon  dioxide  35  2,  zinc  protoxide  64 '8 
=  100.  Iron  carbonate  is  often  present  (as  in  monheimite) ;  also  manganese 
aud  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in  traces; 
rarely  cadmium  and  indium. 

Pyr.,  etc.  — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
wbite  on  cooling  B.B.  infusible;  moistened  with  coball  solution  nnd  heated  in  O  P.  gives 
a  ^reen  color  on  cooling.  With  soda  on  charcoal  coats  the  coal  wiih  the  oxide,  which  is 
yellow  while  hot  and  white  on  cooling;  this  coiiting,  nioistene<i  wilh  col)nlt  solution,  gives 
a  green  color  after  heating  in  OF.     Soluble  in  hydrochloric  acid  wiih  effervescence. 

Diff. — Distinguished  from  calamine,  which  il  often  closely  resembles  by  ii.s  effervescence 
in  acids. 

Obs.— Found  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  nnd  iron  ores  It  usunlly  occurs  in  calcareous  rocks,  and  is  genenxUy  asso- 
ciated with  cnlnmine,  nnd  sometimes  with  limonite.  It  is  often  produced  by  the  uctioD 
upon  zinc  sulphide  of  carbonate<l  waters. 

Found  at  Nerddnsk  in  Siberin;  al  Dognaczka  in  Hungary;  Bleiberg  and  Raihel  in 
Oarinthia;  Wicsloch  in  Baden;  Moresnet  in  Belgium;  Altenberg.  In  the  province  of 
Santander,  Spain,  at  Puenie  Viesgo.  In  England,  at  Roughten  Gill.  Alston  Moor,  netr 
Matlock,  in  the  Mcndip  Hills,  and  elsewhere ;  in  Ireland,  at  Donegal.  At  Laurion^ 
Greece,  varieties  of  many  colors. 


CABB0NATE3. 
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413.    Color 


In  tbe  U.  Stut«s,  In  i^nn..  at  Laocaater  abundaut.  the  var.  called  "{Iry-bone";  at  Ibe 
Uebvrniih  mine,  ueur  Biittilebem.  iu  gciil«iiobe<lrous.  Iq  WUeontin,  ul  HluersI  Point, 
SliulUbuie,  elc,  pseud omorpbs  after  spbalerite  anit  calcite.  lu  Mimunta,  at  Ewlng's 
diggings.  N.  W.  uf  Dubiiqiie,  elc.  Iu  goutb-weaiuni  MUaouri  assuciiiti'd  with  aphalurlle 
aiiU  citliimnie.  In  Arkantat.  at  Caliiniiiie,  Ltiwreuce  Co.;  lu  Marlon  Co.  A  pluk  cobullif- 
eroiia  Tarieiy  occurs  iil  Boleo,  Lower  CHliforula. 

Nniiiiii  ufli-r  JHriies  Siiiiiligon  (1754-1  tf'aw).  wbo  rnuDiieil  ibe  Smilbsouiau  lustimtion  io 
Wasbiugiou.     Tlie  uauie  caluuilDe  is  frequeuily  used  in  Englaud,  ul.  culuQiiuc,  p.  446. 

SpheerocobalUte.  Cobiilt  protociirboniite.  CoCOi.  Kobulupalb  Germ.  Kbnmbo- 
'  '  '  '  ii'iU  splierlral  masses,  witb  trysUlliuu  surface,  rnifly  in  crjreiale.  Q.  =  4*03- 
ose-red.     From  Scbneeberg,  Saxooy. 


2.  AraKOiilte  Group.     RCO,.     Ol'thorfaombic 
For  list  of  speciea,  ace  p.  358. 
ABAOONrm. 

Orthorhombic.     Axes  &:l:i  =  0-62244  :  I  :  0-72056. 
mm'".  110  A  110  =  68*  VSf.  'M.  709. 

if.    Oil  A  Oil  =  71°  as*. 

pp".      Ill  A  ill  =86*341'. 

^"■.  111  A 111  =  60°  ar. 

Crystals  often  acicular, 
and  characterized  by  the 
presence  of  acute  domes  or 
pyramids.  Twins:  tw.  pi. 
m  commonly  repeated,  pro- 
d  u  c  i  n  g  pseuaohexagonal 
forms  (see  p.  127,  Figs.  398, 
399  and  710).  Also  globular,  reniform,  and  condloidal  shapes;  sometimes 
columnar,  straight  or  divergent;  also  stalactitic;  incrupting. 

Cleavft;;e;  b  distinct;  also  wi;  k  (Oil)  imperfect.  Fracture  snbconcboidftL 
Brittle.  I[.  =  3'5-4.  G,  =  2'9:f-393.  Luster  Titreous,  inclining  to  resinous 
on  surfaces  of  fracture.  Color  white;  also  gray,  yellow,  green  and  violet; 
streak  tmcolored.  Transparent  to  translucent.  Optically  ^ — .  Ax.  pi.  |  a. 
Bx  J.  r..     Dispersion  p>  v  small.     SE^  =  30°  54'.     fi,  =  I  '6816. 

Comp. — Culcinm  carbonate,  CaCO,  =  Carbon  dioxide  440,  lime  56-0  =  100, 
Some  varieties  contain  a  little  strontium,  others  lead,  and  rarely  zinc. 

Vai.—Ordiiiari/.  (n)  CryslnlliKed  in  sim|ile  or  compiumil  crystiils.  iliu  liilter  much  ilie 
Millet  cdmiiiiiii;  •ifti.-ii  iu  riuiiiiting  i;roup3  of  ucicular  crystals.  Columnar;  also  fine 
flbrn  i»  Willi  silky  InsiiT.     (e)  MrssWl-. 

St-Uiifiilie  tir  tl-ilasmilie :  Billier  cnmpiirt  or  flbroiie  In  structure,  nx  witli  culi'lie;  8pm- 
df lutein  in  i>liiliictlt[c  rnini  CariHbnii.  CornUoidiil :  Iu  groupings  of  ddiciilc  interlacing  nud 
•  iKiii'-i-iii^'  4  i-nis,  i>r  u  Nuow-wbilernlor.  nod  Inokiiiea  liitio  like  comI;  ofieii  calietl  Plot- 
f.  •H  (Ei-rubli\tiii!  OfTm.).  Tarni'idttitf  is  a  kind  .onluining  lend  carbimnic  ( lio  H  p.  c), 
froin  Tr.nui'viiz  iii  Siirsia;  wlili  G.  =  2  W. 

Pyr.,  etc.— B  B.  wliilc-ns  and  fulls  lo  pifcts.  nnd  somelimes,  when  cmrniiiinR  "irontlft, 
iuL|mri«  n  xwTv  inicn^ely  red  color  t<i  [lie  flHmu  ihaii  lime:  nUnTivh.!  rrai-N  like  nilriii-. 

Diff.— T>  iliuL'uii'beil  fromculdlp  bv  higbersppcIHc  gravily  and  alwcnceof  rliomboliedrsl 
cli'iiviL'ir:  fnmi  tin?  zi-olite*  («.;.,  naln>Iitel.  etc,  by  cffervesr-iTr'e  iu  ncid.  SimmiBiiiie  nod 
wiilie'ii''  nr<-  fii'i'lile.  litgher  In  spnHtlR  frmvity  iiud  yield  disiiiictivi'  llHnies  B.B.  The 
resiiinii*  lii'-tcr  <iii  fracture  surfai-ci  is  lo  he  notoil. 

Oba  —Tile  ui'ist  (Niuimon  rBposllorics  of  anijjonile  itre  l>eds  of  gypsum;  also  beds  of  iron 
nr<',  MS  <\\v.  Ktyiiiiu  nilues,  nberu  il  oc-cu'S  in  i-orailoiilnl  fnrniR.  and  \%  denomiUHied  fiot- 
ferri,  ''Jloipfr  cf  iron";  in  basalt;  orcnsioually  ii  occni's  in  lavns:  oflen  associaied  wllh 
copper  and  iron  pyrites,  gaienn,  and  mniacliiie.     It  constitutes  tbe  pearly  layer  of  Hliells. 
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First  discovered  io  Aragou,  Spain  (wbcnce  its  Dame),  at  Molina  and  Valencia,  in  six- 
sided  prisms,  with  gypsum.  Prominent  localities  are  Bilin,  Bohemia;  Leogaug  in  Salzburg, 
Austria;  Herreugruud,  Hungary;  with  sulphur  in  Sicily  in  tine  prisms;  also  at  Alston  Moor, 
fine  lupering  crystals. 

In  fibrous  crusts  at  Hobokeu,  N.  J.;  at  Edenville  and  Rossie,  N.  Y.;  Wood's  Mine, 
Lancaster  Co.,  Penu.;  Warsaw,  111.,  lining  geodes;  Mine-la-Motte.  Mo.,  in  crystals.  Flo%» 
ferri  in  tbe  Organ  Mts.,  New  Mexico. 


711. 


a 


WITHBRITE. 

Orthorhombio.  Axes  &  \l :  iz:z  0*6032  :  1  :  0-7302.  Crystals  always  repeated 

twins,  simulating  hexagonal  pyramids,  Fig.  Til  (cf. 
Fig.  557,  p.  227).    Also  massive,  columnar  or  granular. 

Cleavage  :  h  distinct  ;  m  imperfect.  Fracture 
uneven.  Brittle.  H.  =  3-3-75.  G.  =  4-27-4-35.  Luster 
vitreous,  inclining  to  resinous  on  surfaces  of  fracture. 
Color  white,  yellowish,  grayish.  Streak  white.  Sub* 
transparent  to  translucent. 

Comp. — Barium  carbonate,  BaCOs  =  Carbon  di- 
oxide 22-3,  baryta  777  =  100. 

Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame 
yellowish  green;  after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Soluble  in 
dilute  iiydrochloric  acid;  this  solution,  even  when  very  much 
diluted,  gives  with  sulphuric  acid  a  white  precipitate  which  is 
insoluble  in  acids. 

Di£f — Distinguished  by  its  high  specific  gravity  ;  effer- 
vescence in  acid;  ^i-een  coloration  of  the  fiame  B.B.  Barite  is 
insoluble  io  hydrochloric  acid. 

Obs.^Occui-s  at  Alston  Moor  in  Cumberland,  with  galeua; 
at  FallovTfield  near  Hexham  in  Northumberland;  Tnrnowitz  in  Silesia*  Leogang  in  Salz- 
burg; near  Lexington,  Kentucky,  with  barite.  In  a  silver-bearing  vein  near  Eiabbit  Mt., 
Thunder  Bay,  L.  Superior. 

Bromlite.      (Ba.Ca)COs.      In  pseudohexagonal    pyramids   (Figs.    558,   559,   p.    227). 
Bromley  Hill,  near  Alston,  Cumberland. 


8TRONTIANITE. 

Orthorhombic.     Axes  &:l\t  =  06090  :  1  :  0-7239. 

Crystals  often  acicular  or  acute  spear-shaped,  like  aragonite.  Twins:  tw« 
pi.  m  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  m  nearly  perfect;  ft  in  traces.  Fracture  uneven.  Brittle.  H. 
=  3"5-4.  G.  =  3'680-3*714.  Luster  vitreous;  inclining  to  resinous  on  faces 
of  fracture.  Color  pale  asparagus-green,  apple-green;  also  white,  gray,  yellow, 
and  yellowish  brown.  Streak  white.  Transparent  to  translucent.  Optically  — . 
Ax.  pi.  II  b,     Bx  J_c.     Dispersion  p  <  v  small.     2Er=  12"  17'. 

Comp. — Strontium  carbonate,  SrCO,  =  Carbon  dioxide  29*9,  strontia  70*1 
=  100.     A  little  calcium  is  sometimes  present. 


,,  etc.— B.B  swells  up,  throws  out  minute  sprouts,  fuses  only  on  the  thin  edges,  and 
colors  the  flnme  strontia-red;  the  assay  reacts  alkaline  after  ignition.  Moistened  with 
hydrochloric  acid  and  treated  either  B.B.  or  in  the  naked  lamp  gives  an  intense  red  color. 
Soluble  in  hydrochloric  acid;  the  dilute  solution  when  treated  with  sulphuric  acid  gives  a 
while  precipitate. 

Diff. — Differs  from  related  minerals,  not  carbonates,  in  effervei^citig  with  acids;  has  a 
higher  specific  gravity  than  aragonite  and  lower  thnn  witheriie:  colors  the  finnie  red  B.B. 

Oba. — Occurs  at  Strontian  in  Argyllshire;  in  Yorkshire,  England;  Clausthal  in  the 
Harz;   Brflunsdorf,  near  Freiberg,  Saxony;   Leogang  in  Salzburg;   near  Brixlegg,  Tyrol 


(cakintrontiimiuy,  !□  Gne  crjrstals  ^VHamm,  WeBlpLalia;  &t  the  WilbelmiDe  mine  near 
Altablen.  Wesphalia.  ^jM 

In  the  U.  Sislea,  occurs  at  ScUfmne,  N.  T.;  at  MuBcaloDge  Lake;  Cbaumont  Bay  aad 
Theresa,  iu  Jefferson  Co.,  N.  Y.,  Hlffliu  Cu.,  Penu. 


OBRUSSITB.    Wbfte  Lead  Ore.    Weissbleieri  Oerm. 
Orthorhombic.     Aiea  d:b:i  =  060997  :  1 : 0-72300. 
?12  713.  714. 


(fP\ 


,  no  A  lio  =  ea'W. 

oil  A  oil  =    71*  44'. 

oai  A  oJi  =  110"  w. 


ep.  000  A  in  =  IM°  14'. 
pp*.  111  A  ill  =87*42'. 
»/".  Ill  A  lil  =  4»*59t'. 


Simple  crystals  often  tabular  |  }>,  pristnatic  |  &;  also  pyramidal.  Twins: 
in.  pi.  m,  very  common,  contact-  and  penetration- twins,  often  repeatwl  yielding 
six-rayed  stellate  groups.  Crystals  grouped  in  clusters,  and  aggregates.  Barelj 
fibrous,  often  granular  masHive  and  compact;  earthy.     Sometimes  stalactitic. 

Cleavage:  m  and  i  (031)  distinct;  h  and  x  (012)  in  traces.  Fracture  con- 
choidal.  Very  brittle.  H.  =  3-3  5.  G.  =  6-46-6  574.  Luster  adamantine, 
inclining  to  vitreous,  resinous,  or  pearly;  sometimes  submetallic.  Color  white, 
gray,  grayish  black,  sometimes  tinged  blue  or  green  (copper) ;  strealc  uncolored. 
Transparent  to  subtranslucent.  Optically—.  Ax.  pi.  |  ^.  BzJ.c.  Dispersion 
p>  V  large.    Indices  and  axial  angles,  Scbrauf: 

a  y?  ;'  2V  2E 

Line  D        180368  207628        207803    .-.     %"  14'        17°  8' 

Comp. — Lead  carbonate,  PbCO.  =  Carbon  dioxide  16-5,  lead  oxide  83-5 
=  100. 

Pjrr,.  ato  —Id  tLe  closed  tube  decrepitate*,  loseR  carbon  dioxide,  turns  first  yellow,  and 
at  a  higher  temperature  ilnrh  red,  hut  l)ecooie«  Bi^in  yellow  on  cooling.  B.B.  oo  cbarcool 
fuses  very  easily,  and  iu  K.F.  yields  meialllc  lead.  Soluble  Id  dilute  nitric  acid  with 
effervesce  lice. 

Diff  —  Cbnrflcterized  by  high  upeclfic  gravity  nod  ailnmantlue  luster;  also  by  yielding 
lend  B.B.     Unlike  anglesile,  it  effervesces  with  nitric  ncld. 

Ob*.— Occurs  in  couuectioo  with  other  lead  minerals,  and  is  formed  from  galenn,  which, 
as  it  passes  to  a  sulphate,  may  be  cimuged  to  carbonate  by  means  of  soUitl'>iLS  of  calcium 
bicarbonate.  It  fs  founil  at  Julian ngeorgensrwit  Id  heaiitifiil  crystals;  Monte  Poni.  Sardinia; 
Fried ricbssegen,  Nassau:  Bndenweller,  B»den:  at  Claustbnl  in  the  Ilarz:  al  Bleiberj;  in 
Carintliia:  in  Eniclaml,  iu  Cornwall:  nt  E.  Tamar  mine,  Devonshire;  near  Mullock  and 
Wirksworlh.  Derbyshire;  at  LeadliilU  and  Wanlockbead,  Scotland. 

Pound  in  Penn.,  at  PLenlxville.  In  Virginia,  at  Austin's  mlnea,  Wytbe  Oo.  In  if. 
Carolina,  In  Kings  mine.  In  Wisconsin  and  other  lead  minca of  the  norlbweslem  Slates, 
rarely  in  crystals;  at  HnzGl^n^pQ.  crystals  coating  galena.  In  Ctdorado,  at  Leadvllle,  and 
elsewhere.  In  .<4n'zi>na,  at  the  Flux  mine.  FimaCo.,  iu  large  crysUllltie  massM;  in  cryitals 
ut  the  Red  Cluud  mine,  Yuma  Co. 
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Monoclinic.  Axes  a  :  J  :  (5  =  0-7717  :  1  :  0-6254;  ft  =  73**  52'.  In  crystals; 
also  massive. 

Cleavage:  m  perfect;  cless  so.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =4.  O.  =  3-64-3-66.  Luster  vitreous^  inclining  to  resinous.  Color  white, 
grayish,  greenish  or  yellowish.     Streak  white.     Transparent  to  translucent. 

Comp. — Carbonate  of  barium  and  calcium^  BaCOa.CaCOs  =  Carbon  dioxide 
29-6,  baryta  51-5,  lime  18-9  =  100. 

Pyr.,  etc. — B.B.  colors  the  flame  yellowish  green,  and  at  a  high  temperature  fuses  on 
the  ibiu  edges  and  assumes  a  pale  green  color;  the  ai^say  reacts  alkaline  after  ignition. 
With  ihu  Huxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  as  au 
infusible  mass,  while  the  remainder  is  absorbed  by  the  coal.  Soluble  in  dilute  hydro- 
chloric acid. 

Obs.~Occur8  at  Alston  Moor  in  Cumberland,  in  limestone  with  barite  and  fluorite. 

Bismntowphilrite.  Bi«(COt)a.2Bi«Os.  In  spherical  forms  with  radiated  structure. 
G.  =  7  42.  Color  yellow  to  my  or  blackish  brown.  From  Schneeberg,  Saxony.  Also 
sparingly  at  Willimantic  and  Portland,  Conn.,  as  a  result  of  the  alteration  of  bismiithiiiite. 

Parisite.  A  fluocarbonate  of  the  cerium  metals.  In  acute  double  hexngoual  pyramids. 
H.  =  4  o.  G.  =4*858.  Color  brownish  yellow.  From  the  emerald  mines  of  the  Muso 
valley,  U.  8  Colombia. 

Bastnlisit*.  Hamartite.  A  fluocarbonate  of  the  cerium  metals  (RF)COi.  Color  wax- 
yellow  to  reddish  brown.  From  the  Bastnfts  mine,  Riddarhyltan,  Sweden.  Also  as  an 
al tension  product  of  tysonite  in  the  granite  of  the  Pike's  Peak  region  in  Colorado. 

PHOSOBNITB. 

Tetragonal.    Axis  d  =  1*0876.     Crystals  prismatic;  sometimes  tabular  |  c. 

Cleavage:  m,  a  distinct ;  alsoc.  Ratber  sectile.  H.  =  2'75-3.  G.  =  6-0-6'3. 
Luster  adamantine.  Color  white,  gray,  and  yellow.  Streak  white.  Trans- 
parent to  translucent.     Optically  -}-• 

Comp.— Chlorocarbonate  of  lead,  (PbCl),CO,  or  PbCO,.PbCl,  =  Lead 
carbonate  49*0,  lead  chloride  51*0  =  100. 

Pyr..  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
and  crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coaling  of  lead 
chloride.  With  a  salt  of  phosphorus  bead  previouslv  saturated  with  copper  oxide  gives  the 
chlorine  reaction.     Dissolves  with  effervescence  in  dilute  nitric  acid. 

Oba. — At  Cromford  near  Matlock  in  Derbyshire;  at  Qibbas,  Monte  Font  and  Monte- 
▼ecchio  in  Sardinia. 

Northupite.  MgCOs.Na«COs.NaCI.  In  isometric  octahedrons.  White  to  yellow  or 
gray.    From  Borax  Lake,  San  Bernardino  Co.,  California. 


B.   Acid,  Basic,  and  Hydrous  Carbonates. 

Teichemacherite.     Acid  ammonium    carbonate,  HNHtCOs.    In  yellowish  to  white 
crystals.    Q.  =  1*45.    From  guano  deposits  of  Africa,  Patagonia,  the  Chincha  Islands. 


MALAOHTTB. 

Monoclinic.     Axes  hii\6  =  0-8809  :  1  :  0-4012  ;  /?  =  61^  50'. 

Crystals  rarely  distinct,  usually  slender,  acicular  prisms  (mm'"  =  75®  40'), 
grouped  in  tufts  and  rosettes.  Twins:  tw.  pi.  a  common.  Commonly  massive 
or  incrusting,  with  surface  botryoidal,  or  stalactitic,  and  structure  divergent; 
often  delicately  compact  fibrous,  and  banded  in  color;  frequently  granular  or 
earthy. 

Cleavage:  er  perfect;  ^ less  so.  Fracture  subconchoidal,  uneven.  Brittle. 
H.  =  3*5-4.     G.  =  3'9-4*03.     Luster  of  crystals  adamantine,   inclining  to 
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vitreous  ;  of  fibrous  varieties  more  or  less  silky  ;  often  dull  and  eartliy.     Color 
bright  green.     Streak  paler  green.     Translucent  to  subtranslucent  to  opaque. 
Comp.--Basic    cupric    carbonate,   CuCO,.Cu(OH),  or   2CuO.CO,.H,0  = 
Carbon  dioxide  19-9,  cupric  oxide  71*9,  water  S'2  =  100. 

Pyr.,  etc. — lu  tbe  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloriDg  the 
flame  emerald- gieen;  on  charcoal  is  reduceti  to  tnetullic  copper;  ivilh  the  fluxes  reacts  like 
cuprite.     Soluble  io  acids  with  effervescence. 

Diff  — Charucterized  by  greeu  color  and  copper  reactions  B.B.;  differs  from  other  copper 
ores  uf  u  greeu  color  in  its  effervescence  with  acids. 

Obs.— CJonimou  with  other  ores  of  copper  nnd  as  a  product  of  their  alteration  ;  thus  as  a 
pseudoniovph  after  cuprite  and  iizuriie.  Occurs  abundantly  in  tbe  Unil;  at  Chessy  in 
France;  in  Cornwall  and  in  Cumberland,  England;  Rbeinbriitbiich;  Dillenburg,  Nassau; 
Betzdorf  near  Siegen.  At  the  copper  mines  of  Nizhni  Tagilsk;  with  tbe  cop{H*r  ores  of 
Cuba;  Chili;  at  tbe  Cobar  mines  iintl  elsewhere  in  New  South  Wales;  Soutb  Austndia. 

Occurs  in  N,  Jersey,  at  Schuyler's  mines,  nnd  at  New  Biunswick.  In  Pehnnyltania,  at 
Oomwail,  Lelt^non  Co.;  at  the  Perkiomen  and  Phenixville  lead- mines.  In  VfUcmiHn^hX 
the  copper  mines  of  Mineral  Point,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular 
crystals,  with  calcite  at  the  Copper  Queen  mine.  Bisbee,  Cochise  Co..  Angtrnti;  also  in 
Graham  Co..  at  Morenci  (6  m.  from  Clifton),  in  statactitic  forms  of  malachite  and  azurite 
in  concentric  bands.  At  the  Santa  Rita  mines,  Gnint  Co.,  and  elsewhere  in  I^evf  Mexico, 
Tintic  district,  Utah,    Named  from  ^aXax^,  mallowe,  in  allusion  to  the  green  color. 

AZURTTB.     Kupferlasur  Oerm, 
Monoclinic.    Axes  :  d:t:6  =  0  8501  :  1  :  0*8805;  /3  =  87**  36'. 


716. 


717. 


718. 
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r  J  '   ^^    r-^^ 
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^;^      ^ 

/m\ 
a              m                    v^\ 
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mm'",  110  A  110  =  80*  41'. 
(W,   100  A  001  =  87*  86'. 
ea,      001  A  101  =  44»  46'. 
(T.   023  A  028  =  60*  47. 

• 

j^,  021  A  02l  =  120*  47'. 
<jm.  001  A  110=  88*10'. 
of.  001  A  248  =  64*  2^. 
M',  221  A  221  =  73**  W. 

mX 


Crystals  varied  in  habit  and  highly  modified.  Also  massive,  and  presenting 
imitative  shapes,  having  a  columnar  composition;  also  dull  and  carttiy. 

Cleavage:  ;?  (021)  perfect  but  interrupted;  a  less  perfect;  m  in  traces. 
Fracture  conchoidal.  Brittle.  H  =  3'5-4.  G.  =  3*7T-3'83.  Luster  vitreous, 
almost  adamantine.  Color  various  shades  of  azure-blue,  passing  into  Berlin- 
blue.     Streak  blue,  lighter  than  the  color.     Transparent  to  subtranslucent. 

Comp.— Basic  cupric  carbonate,  2CnC0,.Cu(0H),  or  3Cu0.2CO,.H,0  = 
Carbon  dioxide  25*6,  cupric  oxide  69*2,  water  5  2  =  100. 

Vyr.^  etc. — Sam**  as  in  malachite. 

IMfiF.— Cbaracterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
B.B. 

Obs. — Occiii-8  in  splendid  crystallizations  at  Chef^j,  near  Lyons,  whence  it  derived  the 
name  CJieuy  Capper  or  ebeuplite.  Also  in  fine  cry  Mais  in  Silteria;  Moldawa  in  the  Banat; 
at  Wheal  Buller,  near  Rednitli  in  Cornwall;  in  Devonshire  and  Derbyshire,  England; 
Cobar  mineaand  elsewhere  in  New  South  Wales;  South  Austral  in. 

Occurs  in  Penn..  a!  Phenixville,  in  crystids.  In  N.  Jerney,  near  New  Brunswick.  In 
Wueonein,  near  Miuerul  Point.     In  AritofM,  at  the  Longfellow  and  other  mines  in  Qraham 
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Co.;  with  malachite  in  beautiful  crystals  at  the  Copper  Queen  mine,  Bisbee.  In  Grant 
Co.,  New  Mexico.  At  the  Mammoth  mine  in  the  Tiutic  districi,  Utah.  lu  CaUfornia, 
Caluveras  Co.,  at  Hughes's  miue,  in  crystals. 

Auxichalcite.  A  basic  carl)uuate  of  zinc  and  copper,  2(Zu,Cu)COs.3(Zu,CuXOH),. 
In  drusy  iticrusiations.  G.  =  3  54-3  64.  Luster  pearl}'.  Color  pule  green  to  sky-blue. 
From  the  Altai,  Chessy,  near  Lyons;  liezbanya,  Huugury ;  and  elsewhere.  In  the  U.  S.,  ut 
Lancaster,  Pu.;  the  Santa  Cuterina  Mts.,  Arizona;  Beaver  Co.,  Utah. 

Hydrozincite.  A  basic  zinc  carbonate,  perhaps  ZnC0i.2ZD(0iI),.  Massive.  tibrous» 
earthy  or  compact,  Jis  incrustations.  G.  =  3o»-3"8.  Color  white,  grayish  or  yellowish. 
Occurs  at  mines  of  zinc,  as  a  result  of  alteration.  In  great  quantiiies  ai  the  Dolores  mine» 
8antander,  S|min.     In  the  U.  S.,  at  Friedensville,  Pa.;  at  Liuden,  in  Wisconsin. 

Hydrocerussite.  A  basic  lead  carbonate,  probably  2PbC0a.Pb(0H),.  In  thin  colorless 
hexagonal  plates.  Occurs  as  a  coating  on  native  lead,  at  Ldugban,  Sweden;  with  galena 
at  Wanlockhead.  Scotland. 

Dawsonite.  A  basic  carbonate  of  aluminium  and  sodium,  Na3Al(COs)a.2Al(OH)t. 
In  thin  incrustations  of  white  radiatinfl^  bladed  crystals.  G.  =  2*40.  Found  on  a  feldspathic 
dike  near  McGill  College,  Montreal.  From  the  province  of  Siena,  Plan  Castagnaio* 
Tuscany. 


Thennonatrit«.  Hydrous  sodium  carbonate,  NatCO,  +  H,0.  G.  =  1*5-1 '6.  Occurs 
in  various  lakes,  and  as  an  efflorescence  over  the  soil  in  many  dry  regions. 

Nesquehonite.  Hydrous  magnesium  carbonate.  MgCOt  +  8H,0.  In  radiatine^roups 
of  prismatic  crystals  G.  =  1 '83-1 '85.  Colorless  to  white.  From  a  coal  mine  at  Xiesque- 
honing,  Schuylkill  Co  ,  Penn.     See  iansfordite.  p.  367. 

Natron.  Hydmus  sodium  carbonate,  NuiCOi  -|-  lOHaO.  Occurring  in  nature  only  in 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mi.xed  with  the  other  sodium 
carbonates. 

Pirssonite.  CaCOs.NatCOs  2HtO.  In  prismatic  crysUils,  orthorhombic-hemimorphic. 
Colorless  to  white.    Borax  Lake,  San  Bernardino.  California. 


OAY  Lussmi. 

Monoclinic.     Axes  a;i:i=z  1-4897  :  1  :  1-4442;  /?  =  78**  27'. 

71^-  "^20.  jnm"\  110  A  no  =  111'  10'. 

e€\  Oil  A  Oil  =109*30'. 
me,  110  A  Oil  =  42' 21'. 
rV,       112  A  112  =    69'  29'. 

Crystals  often  elongated  I  d;  also 
flattened  wedge-shaped.  Cleavage: 
m  perfect;  c  rather  difficult.  Frac- 
ture conchoidal.  Very  brittle.  H.  = 
2-3.  G.  =  1-93-1 -95.  Luster  vitre- 
ous. Color  white,  yellowish  white. 
Streak  uncolorod  to  grayish.     Translucent. 

Comp. — Hydrous  carbonate  of  calcium  and  sodium,  CaCOj.NajCOs  +  5H,0 
=  Calcium  carbonate  33*8,  sodium  carbonate  358,  water  30*4  =  100. 


etc. — Heated  in  a  closed  tuhe  decrepitates  and  becomes  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  Dissolves  in  acids  with  a 
brisk  effervescence:  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obe. — Abundant  at  Lngunilln,  near  Merida.  in  Venezuela,  in  crystals  disseminated  at 
the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao.  Also  abundant  in  Little  Salt 
Lake,  or  Soda  Lake,  in  the  Carson  desert  near  Raetown,  Nevada,  deposited  iipon  the 
evaporation  of  the  water.    Named  after  Gny  Lussac.  the  French  chemist  (1778-1850). 

Lanthanite.  La,(COa)s  -f  9H,0.  In  thin  tabular  crystals;  also  granular,  earthy. 
G.  =  2*005.    Color  grajrish  white,  pink,   yellowish.    Found  coating  cerite  at  BastDfts* 
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Sweden;  with  zinc  ores  of  the  Saucon  vallej,  Lehigh  Ck>.,  Pa.;  at  the  Sandford  iron-ore  bed» 
Moriab,  N.  Y. 


TRONA.    Urao. 
Monoclinic    Axes:  a:i:i=  28460 : 1 :  2-9700;  /?  =  77**  23'. 

ca,    001  A  100  =  77'  23*.  72i. 

CO,    001  A  ill  =  75*  5»t'. 
ao'\  ill  Alii  =  4r  854'. 


Often  fibrous  or  columuar  massive. 

Cleavage:   a   perfect;  o,  c  iu    traces.    Fracture 
uneven  to  subcouchoidal.     H.  =  2*5-3.     G.  =  2*11- 
214.     Luster  vitreous,  glistening.     Color  gray  or  yellowish  white.     Translu- 
cent.   Taste  alkaline. 

Co«p.— Na,CO..HNaCO,  +  2H,0  or  3Na,0.4CO,.5H,0  =  Carbon  dioxide 
38-9,  soda  4l"Z,  water  19*9  =  100. 

Cliatani  established  the  above  composition  for  urao,  and  showed  that  trona,  sometimes 
called  "  sesquicarbonate  of  soda/'  is  au  impure  form  of  the  same  com|)ound. 

Pyr..  etc.— Id  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an 
fntensely  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  whh  moistened  test-paper. 

Obs. — Found  in  the  province  of  Fezzsn,  Africa,  forming  thin  superficial  crusts;  at  the 
bottom  of  a  lake  at  Lagnnilla,  Venezuela,  S.  A.  Efflorescences  of  trona  occur  near  the 
Sweetwater  river.  Rocky  Mountains.  An  extensive  bed  in  Churchill  Co.,  Nevada.  In 
tine  crystals  at  Borax  lake,  San  Bernardino  Co.,  California,  with  hanksite,  glauberite, 
thennrdite,  etc. 

Hydromagneaite.  Basic  magnesium  carbonate,  8MgC0s.Mg(0H),-f  8H«0.  Cr3'8ta1s 
small,  tufted.  Also  amorphous;  as  chalky  crusts.  Color  and  streak  white.  Often  occurs 
with  serpentine;  thus  at  Hrub^chtttz,  in  Moravia;  at  Eraubat,  Styria,  etc.  Also  similarly 
near  Texas,  Pii. :  Hoboken,  N.  J. 

HydrogioberUte.  MgCO..Mg(OH),  +  2H,0.  In  light  gray  spherical  forms.  From 
the  neighborhood  of  Pollena,  Italy. 

Lansfordite.  3MgCOs.Mg(OH),  +  21H,0.  Occurs  ss  small  stalactites  in  the  anthracite 
mine  nt  Nesquehoning  near  Lansford,  Schuylkill  Co.,  Penn.;  changed  on  exposure  to 
nesquehonite. 

Zaratite.  Emerald  Nickel.  NiCO,  2Ni(OH),  +  4H,0.  In  mammillar}- incrustations;  also 
massive,  compact.  Color  emernld-grren.  Occurs  on  chromite  at  Texas,  Lancaster  Co.,  Pa. ; 
at  Swinaness,  Uust,  Shetland,  and  elsewliere. 

Remingtonite.  A  hydrous  cobalt  carbonate.  A  rose- colored  incrustation,  soft  and 
earthy.    From  a  copper  mine  near  Finksburg,  Carroll  Co.,  Maryland. 

Tengerite.  A  8nppofw»d  yttrium  carl»onatc.  In  white  pulverulent  coatings.  On  gado- 
linite  nt  Ytterby.     A  similar  mineral  is  associated  with  the  gadoliuite  of  Llano  Co..  Texas. 

Bismutite.  Wismuthspath  Oerm.  A  ba.«ic  bismuth  carbonate,  perhaps  Bi,0,.COa.H,0. 
Incrnsiincr.  or  earthy  and  pulvenilent;  amorphous.  G.  =  6  86-6  9  Breith.:  767  Rg.  Color 
white,  green,  yellow  and  gray.  Occurs  nt  Schree^erg  and  Johanngeorgenstadt,  with  native 
bismutji.  and  at  Joachimsthal.  etc.  In  the  TJ.  S.,  in  So.  Carolina,  at  Brewer's  mine;  in 
Gaston  Co.,  N.  C,  etc. 

Uranothallite.  2CaCO,.U(CO,),.10H,O.  In  scaly  or  granular  crystalline  aggregates. 
Color  siskin-green.     Occurs  on  uraninite  at  Joachimsthal,  Bohemia. 

L<ebigit«».  A  hvdrous  carbonate  of  uranium  and  calcium.  In  mammillnry  concretions, 
or  thin  coatinirs.  Color  anple-green.  Occurs  on  uraninite  near  Adrianople.  Turkey;  also 
Johannceorgenstadt  and  Joachimsthal. 

Vocrlite.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aggregations  of 
CFysfnllino  scales.  Color  emerald-green  to  bright  grass-green.  From  the  Elias  mine,  near 
Joachimsthal,  on  uraninite. 
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Oxygen  Salts, 
a.  SIUOATES. 

The  Silicates  are  in  part  strictly  anhydrons^  in  part  hydrous,  as  the  zeolites 
and  the  amorphous  clays,  etc.  Furthermore,  a  large  number  of  the  silicates 
yield  more  or  less  water  upon  ignition,  a^d  in  many  cases  it  is  known  that  they 
are,  tiierefore,  to  be  regarded  ap  basic  (or  acid^  silicates.  The  line,  however, 
between  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  witii  many  species  which  yield  water  upon  ignition  the  part  played  by 
the  elements  forming  the  water  is  as  yet  uncertain.  Furthermore,  in  the  cases 
of  several  groups  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
species  immediately  after  the  others. 

This  chapter  closes  with  a  section  including  the  Titanates,  Silico-titanates» 
Titano-niobates,  etc.,  which  connect  the  Silicates  with  the  Niobates  and 
Tantalates.     Some  Titanates  have  already  been  included  among  the  Oxides. 


Section  A.   Chiefly  Anhydrous  Silicates. 

I.  Dieilicates,  Folysilioates. 
II.  Metasilicates. 
III.  Orthosilicates. 
Hr.  Subsilicates. 

The  DisiLiCATES,  RSi^Oj,  are  salts  of  disilicic  acid,  H^Si.O^,  and  have  an 
oxygen  ratio  of  silicon  to  bases  of  4  :  1,  as  seen  when  the  formula  is  written 
after  the  dualistic  method,  R0.2SiO,. 

The  PoLYSiLiCATES,  R,Si,0,.  are  salts  of  polysilicic  acid,  H^Si,0„  and 
have  an  oxygen  ratio  of  3  :  1,  as  seen  in  2R0.3SiO,. 

The  Metasilicates,  RSiO,,  are  salts  of  metasilicic  acid,  H,SiO„  and  have 
an  oxygen  ratio  of  2  :  1.     They  have  hence  been  called  bisilicates. 

The  Orthosilicates,  R^SiO^,  are  salts  of  orthosilicic  acid,  H,SiO^,  and 
have  an  oxygen  ratio  of  1 :  1.  They  have  hence  been  called  unisilicates.  The 
majority  of  the  silicates  fall  into  one  of  the  last  two  groups. 

Furthermore,  there  are  a  number  of  species  characterized  by  an  oxygen 
ratio  of  less  than  1  :  1,  e.g.,  3  :  4,  2  :  3,  etc.  These  basic  species  are  grouped 
as  SuBSiLiCATES.  Their  true  position  is  often  in  doubt;  in  most  cases  tney 
are  probably  to  be  regarded  as  basic  salts  belonging  to  one  of  the  other  groups. 

The  above  classification  cannot,  however,  be  carried  through  strictly,  since 
there  are  many  species  which  do  not  exactly  conform  to  any  one  of  the  groups 
named,  and  often  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  within  the  limits  of  a  single  group  of  species,  connected  closely 
in  all  essential  characters,  there  may  be  a  wide  variation  in  the  proportion  of 
the  acidic  element.  Thus  the  triclinic  feldspars,  placed  among  the  polysili- 
cates,  range  from  the  true  polysilicafce,  NaAlSi,0^,  to  the  orthosilicate, 
CaAl,Si,0^,  with  many  intermediate  compounds,  regarded  as  isomorphous 
compounds  of  these  extremes.  Similarly  or  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosilicates.  since  the  majority  of  the  compounds 
observed  approximate  to  that  type.     The  micas  form  another  example. 
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L  IWriHDatiw,  BSi^O..    PolyiUicatM,  B^ A- 


MoDoclinic.  Crystals  rare  (castorite).  Usoallj  massiTe,  foliated  cleaTable 
(petalice). 

Cleavage:  c  perfect;  o  (201)  easy, ;  (905)  difficult  and  imperfect.  Fracture 
imperfectly  coiichoidal.  Brittle.  U.  =  6-6*5.  G.  =  2'3d-:^*46.  Luster 
Titreous,  ou  c  pearly.  Colorle^,  white^  gray,  occasionally  reddish  or  greenish 
white.     Streak  uncolored.     Transparent  to  translucent. 

Co»F-LiAUSi,Oj,  or  Li,O.AI,0..8SiO,  =  Silica  784, alumina  16-7,lithia, 
4-9  =  iw. 

Pyr..  etc.— Ge-  tly  benied  emits  a  blue  phosphorescent  WghX.  B.B  on  charcotil  bt^ctnnes 
\Mi*y,  s'ibiriusparvDt,  and  white,  and  melts  ouly  on  ihe  ed$r(«;  irires  the  reaciiou  for 
ithtrt      Willi  liomx  it  formft  a  clear,  colorless  |;]:ts«I     Not  acted  on  by  acids. 

Oba. — Petalite  occurs  at  the  imii  inioe  of  UtO.  Swetten.  with  lepidolite,  tourmaline, 
spodiiiiiene.  nnd  qanrtx;  on  Elba  (etuioriu).  In  the  U.  S..  at  B*»lion.  Mass..  with  scapolite; 
at  Peru.  Maine,  ntih  spodumeue  in  albtie.  The  name  j^UUiU  b  from  M^rakor^  a  Intf^ 
alluding  lo  the  clenT.igtr. 

Milarito.     HKCntAi,  8i«OftV.     In  hexaeonal  prisms.     H.  =  5%%-«.     G.  s  9  »-a*59. 

Color lits  to  pale  green.  ir1aj»y.     From  Yal  Oiuf.  GriM>DS,  Switserland. 

Bndidymita.  HXaBeSisO*.  In  white.  glassT,  twinned  crystals,  tabular  in  habit 
H.  =6.  G.  =  2  553.  Oc4-urs  very  sparingly  in  eiieolite-syeuite  on  the  island  Orre  ArO. 
in  the  Langesuod fiord.  Norway. 

Epididjmita.  Same  compotiitioo  as  eudidymite.  Orthorhombic.    Southern  Grvenhuid* 
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Orthoelaie 

Soda-Orthoclase 
Hyalophanr 


Microcline 

Soda-microcline 
Anorthoclase 


Feldspar  Group. 
a.  McnoHinie  SeeHon. 


\ 


KAlSi.O. 
(K,Na)AlSi,0. 

(Na,K)AlSi,0, 

(K,.Ba)Al,Si.O„ 


0-6585  :  1  :  0*5554 


0-6584  :  1 :  0-5518 


fi.  Trietinie  SeetiOH. 

KAlSi.O. 

(K,Xa)AlSi,0. 
(Na,K)AlSi.O. 


116'    3' 


o  oitr 


115°  85 


Albite^inorthite  Scries.    PtagioelaM  Fetd*par$. 


Albite  NaAlSi.O. 

Oligoclue    ") 

Andesine       U"^^aAlSi,0\ 

Labradorite  ^ 

Anorthitc         CaAl,Si,0, 

Celsian  BaAl,Si.O, 


(i :  h :  6  a  fi  y 

0  6^35:1:0-3577    04°      3'    116°  29'    SS""    9' 

0-6321  :  1  :  0-5524    03°      4'    116°  23'    00°    5' 


0-6357  :  1  :  0-5521    93°    23'  116°  20'  SO'50' 

0-6377:1:0-5547    93°    31'  116°    3'  80°  544' 

0-6347  :  1  :  0*5501    93"    13'  115°  55'  91°  12' 

90J° 
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The  general  characters  of  the  species  belonging  in  the  Feldspar  Geoup 
are  as  follows: 

1,  Crystallization  in  the  monoclinic  or  triclinic  systems,  the  crystals  of  the 
different  species  resembling  each  other  closely  in  angle,  in  general  habit,  and 
in  methods  of  twinning.  J'he  prismatic  angle  in  all  cases  differs  bnt  a  few 
degrees  from  6U°  and  120°. 

'i.  Cleavage  in  two  similar  directions  parallel  to  the  base  c  (001)  and  clino- 
pinacoid  (or  brachypinacoid)  b  (010),  inclined  at  an  angle  of  90°  or  nearly  90°. 
3,  Hardness  between  6  and  65.  4,  Specific  QravHy  varying  between  ?  5  and 
3"9,  and  mostly  between  2"55  and  3'75.  5,  Color  white  or  pale  sliadeg  of 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  alu- 
minium with  either  potassium,  sodium,  or  calcium,  and  rarely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  Beveral 
distinct  species  there  are  many  intermediate  compounds  having  a  certain 
independence  of  chamoter  and  yet  connected  with  each  other  by  insensible 
gradations;  all  the  members  of  the  series  showing  a  close  relationship  not  only 
in  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  and 
aecond  witli  reference  to  composition.  The  monoclinic  species  include  (see 
above):  OttTHOCLASE,  potassium  feldspar,  and  Soda-orthoclase,  potaeaium- 
sodinm  feldspar;  also  Ktalophang,  barium  feldspar. 

The  triclinic  species  include:  MtcROCLiNE  and  Anorthoclase,  potassium* 
sodium  feldspars;  Albitb,  sodium  feldspar;  Anorthite,  calcium  feldspar; 
Celsian,  barium  feldspar. 

Also  intermediate  between  albite  nnd  anorthtte  the  igotnorphous  snb-speciea, 
Bodium -calcium  or  calcium-sodium  feldspars:  Oliqoclase,  AndesikB,  Labra* 
DO  rite. 

a.  Monoclinic  Section, 
ORTHOOI.ASB. 

MoDooliuic.     Axes  a  :  i  :  (S  =  0-6585  : 1  :  0-5554;  j8  =  63°  57'. 
722  723.  734.  72B. 


i",  110  Alio  =  61°  13'. 
130  A  130  =  58°  48'. 
001  A  iOl  =  50'  I8i'. 
001  A  201  =  SO'  18'. 


1.  001  A  021  =  44°  56i'. 
h'.  031  A  021  =  W  tiS'. 
•n.  001  A  110=  67- 47'. 
■>,    001  A  ill  =  55°  141'. 


Twins:  tw.  pi.  (1)  n  (100),  or  tw.  axis  t,  the  common  Carlsbad  twins 
either  of  irregular  penetration  (Fig.  727)  or  contact  type;  the  latter  nsually 
with  b  as  com  position- face,  often  then  (Fig  73S)  with  c  and  x  nearly  jn  ^ 
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726. 


plane,  but  to  be  distinguished  by  luster,  cleavage,  etc.  (2)  7i  (021),  the  Baveno 
twins  forming  nearly  square  prisms  (Fig.  7:;^9^,  since  en  =  44  56^',  and  hence 
cc  =  89°  53';  often  repeated  as  fourlings  (h'lg,  417,  p.  129),  also  in  square 
prisms,  elongated  ||  «.  (3)  c  (001),  the  Manebach  twins  (Fig.  730),  usually 
contact-twins  with  c  as  comp.-face.     Also  other  rarer  laws. 

Crystals  often  prismatic  ]|  i\  sometimes  orthorhombic  in  aspect  (Figs.  723, 
725)  since  c  and  x  are  inclined  at  nearly  equal  angles  to  d\  also  elongated  |  cl 
(Fig.  726)  with  h  and  c  nearly  equally  developed;  also  thin  tabular  |  b:  rarely 
tabular  ||  a,  a  face  not  often  observed.  Often  massive, 
coarsely  cleavable  to  granular;  sometimes  lamellar.  Also 
compact  crypto-crystalline,  and  flint-like  or  jasper-like. 

Cleavage:  c  perfect;  b  somewhat  less  so;  prismatic  m 
imperfect,  but  usually  more  distinct  parallel  to  one  pris- 
matic face  than  to  the  other.  Parting  sometimes  distinct 
parallel  to  a  (100),  also  to  a  hemi-orthodome,  inclined  a 
few  degrees  to  the  orthopinacoid ;  this  may  produce  a  satin- 
like luster  or  schiller  (p.  190),  the  latter  also  often  present 
when  the  parting  is  not  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  6.  G.  =  2*57.  Luster  vitreous; 
on  c  often  pearly.  Colorless,  white,  pale  yellow  and  flesh- 
red  common,  gray;  rarely  green.     Streak  uncolored. 


727. 


728. 


729. 


730. 


m 


m 


m 


m 
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Ortically  negative  (BXa  =  o)  in  all  cases  (Fig.  731).     Ax.  pi.  usually  J_  5, 
731  sometimes    ||  by  also  changing  from  the  former  to 

the  latter  on  increase  of  temperature  (see  p.  225). 
For  adularia  (Dx)  Bx^^  A  <^  =  -  09°  11',  Bx.b,  A 

Uence   Bx^  and  the    extinction 


<I-J5x 


(J  =  -  G9'^    3 

direction  (Fig.  731)  inclined  a  few  degrees  only  to 
(ly  or  tlie  edge  b/c\  thus  -f  3°  to  +  '^''  usually,  or 
up  to +10°  or -f- 12°  in  varieties  rich  in  Na,0. 
Dispersion  p>  v\  also  horizontal,  strongly  marked, 
or  inclined,  according  to  position  of  ax.  pi.  Axial 
angles  variable.  Birefringence  low,  y  —  a  =  0007 
-  0005.     For  adularia  (Dx). 

ay  =  1  -5190,     /Sj  =  1  -5237,     r  y  =  1  '5260. 
.  •.  2Vy  =  er  43'.     2Ey  =  12r  6'. 

Comp.,  Tar. — A  silicate  of  aluminium  and  potassium,  KAlSi,0,  or 
K,O.AlO,.nSiO,  =  Silica  64*7,  alumina  18-4,  potash  10-9  =  100.  Sodium  is 
often  ai:;o  present,  replacing  part  of  the  potassium,  and  sometimes  exceeds  it 
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in  amoant;    these  varieties  are  embraced   under  tbe   name  eoda-orthoclase 
(Natronortboklas  Germ.). 

Tlie  prumineut  varieties  depend  upon  crjBlalliue  habit  and  method  of  occurrence  more 
than  upuD  ilJDereiicu  of  compositluu. 

1,  Aduliiria.  The  pure  or  uenrly  pure  polOBslum  slllcute.  Usually  In  crvBUla,  like 
Fig.  725  ill  Imbit;  ofiea  wilb  vicltial  pliini-si  Baveuo  twins  coiuiuoti.  O.  =  iXn.  TmDH- 
parent  or  ntatly  ea.  Often  willi  a  pearly  opalcsceDl  ri'Beutiuu  or  sclilller  or  a  ilelicale  play 
of  colors;  soiue  mooatiOM  is  here  included,  bul  ilie  reiiitilniier  beli>uga  to  ]ilhiie  or  mbtiruf 
tbe  tricliiiic  fuidBpurs.  'I'he  original  adiilarla  (Adular>  is  from  (be  St.  Cioiburii  regiou  iu 
Swiizerlauil.      ViiUaeianitt.  from  Ibu  silver  niiue  of  Valencia,  Mexico,  is  adiilaria. 

2.  Siiiiidine  or  gla—jifelcUpaT.  Occurs  ia  crysiaa,  often  Irauspart'iii  nud  );liiS8y, 
embi'ddoi  In  rhyoltte,  tnicliytu  (ns  of  tbe  Sielietii^birgi').  phoiiolliu.  etr.  Habit  often 
taliultir  I  b  (beuce  nameil  from  uarii.  a  UibUt,  or  board);  also  In  square  prisms  (b,  e);  Carls- 
bud  twins  common.  Most  vnrieilea  contain  sodium  ss  a  prominent  constituent,  and  bence 
belong  to  tbe  sudnH^rlboclaae. 

Uhj/aeoliit.  Siitpath  Weroer.  Occurs  in  glossy  crystals  at  Monte  Bomma;  named  from 
pvak,  'tream  (lavm  stream). 

S.  Ordiiiarg.  In  crystals,  Carlsbad  and  olbcrlwfns  common;  also  mas.'^lve  or  cIcaTahle, 
Tftryitig  in  wlor  from  white  to  pale  yellow,  red  or  green,  trsLislucent :  Hiimclimraaventnrinr. 
Here  belongs  the  common  feldaimr  of  gninitoid  rocks  or  gmtiiie  veins.  Usuiilly  coDlains  a 
greotL-r  or  less  percentage  of  soda  (soda-ortliocliist).  Compact  cryptocryslnlline  oriknGlase 
makes  up  tie  muss  of  much  felsite,  but  to  n  greiuer  or  less  deirree  admixed  wiili  qnariE;  of 
various  coloi-B,  from  white  and  brown  to  deep  red.  Much  of  what  has  been  failed  orlbo* 
claxc,  or  common  poltt.ih  feldspar,  bos  proved  to  belong  1o  the  relaied  triclinic  species, 
microcline.  Cf.  p.  )t74  on  tbe  relations  of  tbe  two  siiecles.  Cliesierliie  and  Ama/nn  slone 
are  microcllDei  also  moat  aventurlne  orthoctase.  Loroelate  ciintaiua  sodium  in  considerable 
amount  <7Q  NaiO).  From  Hammond,  St.  Lawrence  Co.,  N.  Y.  MitrehitoniU  is  a  flesb- 
red  feldspar  similar  to  pertlille  (p.  373),  with  gold-yellow  relieciiona  In  a  direction  i.  b  and 
nearly  parallel  to  701  or  601  (p.  871).     From  Dawllsb  and  Exeter.  England. 

Tbe  spheniUtes  noted  in  some  vnlcnnic  rocks,  as  in  tbe  rbyolite  of  Obnirllnn  CliS  In  the 
Tellows'one  Park,  are  believed  to  consist  ess<'nliully  of  oribocbute  needles  with  qtiarla. 
Tbcse  are  aliown  in  Pigs.  733  and  73il  (from  Iddinga;  much  magniQed)  as  they  appear  la 
polarizi'd  light  (crossed  oicols). 

732.  733. 


Pyr.,  etc. — B  H.  fne^i  iil  -1:  vnriptles  containing  much  soda  are  more  fusible.  LoKOclase 
fusen  at  4.     Nut  ufteil  upon  by  acidi. 

CIS  — Cliaincterized  by  itHcryniMtllDe  form  a'd  the- two  I'lcavagcs  at  right  angles  to  each 
other:  banler  than  biirile  and  ralHle:  not  atisekcd  by  acids:  dilfifiilily  fusible.  Massive 
cor>induin  in  much  ha'iler  and  biisahieUer  s]ii'('ill<:  pmviiy. 

Dislinguisbeil  in  nick  sirlloiia  by  iin  biw  fi>fraetion  (low  relief)  nnd  low  Inlerfereiice- 
colorn,  wliieh  lii^t  M-nrcHy  rise  to  wbiie  of  tbe  first  order — henee  lower  llinii  those  of  quartti 
also  by  its  )>laxial  rharacTer  in  convergent  llglit  and  by  tiic  distinct  cleavnges.  It  is  color- 
les?i  iu  ordinary  light  and  may  be  limpid,  but  is  fiixiuentiv  turbid  nnd  brrrwnWi  from  tlie 
presence  nf  vi-ry  minute  Bcales  of  kaolin  du«  to  iilieiiition  from  weatliering;  this  change  is 
especially  common  Id  the  older  granular  rocks,  an  granite  and  gticis;. 
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occurriugai  .      ...  .  „  .„        .,-.-,..  ^  .,.  ^  ,.    ,  -.. 

tiinidiiiei  irocbylc.  phunulitu,  etc.  In  (Ue  inftsiive  gruulluid  rocks  il  Is  seldom  in  distloi't, 
wvlt-dirmed,  separoblQ  urjsluls,  except  iu  veioB  and  cnvltlea;  such  crystals  are  more  coui- 
mon.  |]iiwe»iT,  iii  volcauic  rocks  like  tracliyie. 

Adttlai-ia  iiccura  in  tlie  crystallJDe  rocks  of  tlie  centrnl  and  enGtern  Alps,  m^ccinled  ^M% 
smoky  qmirU  unil  iilbtie.  also  litatilte,  upaiite,  etc.;  ibe  crystals  ari:  oFlen  c<iiiled  trilh 
chlorlie;  iiIbo  on  BItM.  flD«  crysials  of  orihocliise,  (iFlen  twins,  are  obliiiued  riom  Baveno. 
Lago  Mav'gi'ire;  tbe  Pteimsibnl,  a  rc<]  varlely;  ValHuriiinn;  BiHltuniais,  Carls>ind  nnd 
ElCogeu  iu  BoUi'iiiiik;  Stiie^aii,  ac.  in  Silesia.  Also  Arendai  in  Ni  rwny,  anil  oear 
Sbaii'iDsk  iu  Ibe  Unil;  Lniid'B  ICtid  and  8l.  Aguei  Id  Cora  wall;  tbe  Mourne  Mis.,  Irtlaml, 
wiib  lieryl  mid  injiiiz  Knim  Tiimaguuia  Tauii,  JapuK,  uilb  topnz  biiiI  tnioky  quuiU. 
Moonitona  is  bniugbi  from  Ceylon. 

Ill  the  U.  Sillies.  onbiiclaKe  is  common  in  tlie  rrystalllne  rocks  nt  New  Sngtand,  iilao  of 
States  »iuib,  fiiribtr  C»lur>id<',  Culirornia.  elc.  Tfina  at  tbe  Paris  lourmiilitic  locality.  In 
JV.  Ilimp..  lit  Acwunli.  Ill  Mau..  at  Suiitb  HiiyalstOQ  and  Bane.  In  iai.n.,  at  Haddam 
nnd  Midilklowu.  Iu  liirge  coht-c  crystals.  In  a.  York,  in  St  Lawrence  Co  ,  at  Rossie;  at 
Hammond  \.loxotUue):  iu  Lewis  Co  ,  Id  white  limestone  mar  Natural  Bridge;  nt  Amily  and 
Edeiiville-  Id  Ptnn..  in  cryatats  at  LeipcrTillc.  Mimral  Hill,  Delaware  Co.;  Bun?tone  in 
Eennell  Township.  In  N.  Our.,  at  Washlngrton  Aline.  Davids-  u  Co.  In  Celerado.  at  lb* 
summit  of  Ml.  Aniero.Clinaee  Co.,  In  flue  crystals,  o  ten  twins;  ai  Gunnison;  Black  Huwk; 
Eokoma.  Summit  Co.,  almi  at  oilier  points.     A  so  c^inilhrly  in  Nevatlt  and  Califoiuia, 

Onboclase  is  frequently  ullered.  especially  llirouglt  tbe  aclion  of  caibonaUd  or  alkalino 
waters;  tbe  Bnii)  result  Is  oFieu  Ilic  removal  of  Ibe  piiiusb  and  ibe  ffirtnnlion  of  kiiollD. 
Steatite,  lair,  chlorite,  leiicfle.  mien,  Inumontile,  oeciir  as  pseudomorpLa  after  orlhocluae; 
and  coKiiteHte  and  cnlcitu  ofleu  replace  tb«se  feldspars  by  some  procei»  of  solution  aod 
Bubaliiullon. 

Pbkthitb.  As  first  dfi^cribed.  a  flesh-red  nTenUirine  feldspar  from  Ferib,  Ontario, 
Cnnnda.  culled  a  aoihi-orthoctiise,  but  sliown  by  Gerhard  to  consist  of  liilei lamiDaled  ortho- 
cliise  atiil  albite.  Many  similar  occurrences  have  since  been  noted,  as  alxi  ibote  in  wbieb 
niicn>cline  and  alblle  are  similarly  IiilerlatiiiDalcd,  tbe  latter  calleil  tnieT«<linepnthite,  or 
mirrocline-filbite-|)crtbite;  this  is  true  in  part  of  tlie  rrtgina)  pcnbite,  When  (be  structure 
is  diw«rnible  only  wiib  the  help  of  Ibe  microscope  (I  Is  >  nllcd  mUri.ptTthile.  BrFii  ger  lias. 
inrestignteit  not  only  the  inicrnpenhltes  of  Norwjiy  (Orllioklatmiktopeithil,  Mikioklin- 
mikro|>(.'rtliiI).  but  also  otbci-  febispnra  characterized  liy  a  marked  Schiller;  he  n^Ellm('S  tbe 
cxistcnoL-  of  an  eilremi-ly  fine  in lerUmi nation  of  nlliits  and  ortlioclase  |  801,  not  disceiniblB 
bv  the  microscope  (cryploperthite).  and  connected  wlih  tu  coudary  planes  of  parting  1 100  or 
I  aor,  wbtch  is  prolmbly  to  be  explained  as  due  lo  incipient  alierulion. 

Byalophana.  (K„Ba|Ai,(SiOi),  or  E,O.BnO.SAI,0.  PSiO,.  Silica  Gl'6,  alnmina  iil-ft, 
biryi.i  1B-4.  potash  lO'l  =  100.  In  crystals,  like  adularin  in  habil  (Fig.  736.  p.  870);  also 
niiis  ive.  CkaiTiire:  e  perfect;  6s»mewbr.t  less  so.  H.  =  a-6-5.  U.  =  2mX  Occurs  in 
:i  i^'iiniibir  ilolondle  in  tlie  Utnnenibnl.  Swilzetlaiid;  also  at  the  manganese  mine  of  Jnkobs- 
Iht;:.  SM'i'<Ii-n.  Some  other  feldspars  containing  7  to  15  p.  c.  BaO  have  been  described  <cf. 
iils<!  ctlsian,  p.  361). 

/9.  Triclinic  Sefti«m. 
MICROOUNE. 

Triolinic.  l^ear  ortlioolase  in  angles  anfl  habit,  but  tbe  angle  be  =  about 
fi9''  '.W.  Twins:  like  orthoclaae,  also  polyaynthetic  twiiminf;  according  to  the 
ull'iiu  mill  [leriuliiie  laws  (p.  375),  common,  134. 

lirodiiriiig  two  serioB  of  fine  lamella  nearly 
at  rijiht.  angles  to  each  other,  hence  the 
charai'teristic  grating-atrnctiire  of  n  basal 
SfC'iion  in  pohirized  light  (Fig.  734).  Also 
iiiassivo  cleavalilo  to  gnmnlar  compact. 

CWvage:  c  perfect;  ii  somewhat  les3  so; 
yf  (Ho)  sometimes  ilistinct;  vi  (lilt)  also 
aometimes  distinct,  bat  less  easy.  Fnicture 
uneven.  lirittle.  H.  =  6-fi-5.  G.  =  2-.54-2-.'i7. 

I.nilpf    vitreoHH,    on    c    sometimes    pearly.  '     

I  ■abir  white  to  pale  cream-yellow,  also  red,  green.    Transparent  to  translucent. 
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Optically  — .     Ax.  pi.   nearly  perpendicular  (82°-83°)   to  h.      Bxo  inclined 

15°  26'  to  a  normal  to  h.     Dispersion  p  <  v  about  Bxo.     Extinction-angle  on 

€,  +  15°  30';  on  J,  +  5°  to  6°  (Fig.  739,  p.  375).     2Ha.r  =  88"  to  89°,  Dx. 

The  essential  identity  of  orthoclase  and  microcliuc  has  been  urged  by  Mallard  and 
MiclielLevy  ou  the  ground  that  the  properties  of  the  former  would  beloug  to  au  aggregtite 
of  submicroscopic  twinning  lamellae  of  the  latter,  according  to  the  albile  and  pericline  laws. 

Comp.,  Tar.— Like  ortboclase,  KAlSi.O,  or  K,O.Al,0,.6SiO,  =  Silica  647, 
alumina  18'4,  potash  16*9  =  100.  Sodium  is  usually  present  in  small  amount: 
sometimes  prominent,  as  in  soda-microcline. 

P3rr. — As  for  orthoclase. 

Diflf. — Resembles  orthoclase  but  distinguished  by  optical  characters  (e.g.,  the  grating 
structure  in  polarized  light,  Fig.  734);  also  often  shows  Hue  twiuuiug-striatious  on  a  basal 
surface  "albile  law), 

Obs. —  Occurs  uuder  the  same  conditions  as  much  common  orthoclase.  The  beautiful 
4imazonstone  from  the  Ural,  also  that  occurring  in  fine  grov^ps  of  large  crystals  of  deep  color 
in  the  granite  of  Pike's  Peak.  Colorado,  is  microcline.  ChesUrliie  from  Poorliouse  quarry, 
Chester  Co.,  Penn.,  and  the  aventurine  feldspar  of  Mineral  Hill,  Penu.,  beloug  here.  A  pure 
variety  occurs  at  Maguet  Cove,  Arkansas.     Ordinary  microline  is  common  at  many  points. 

Anorthoclase.  A  tricliuic  feldspar  with  a  cleavage-angle,  be,  varying  but  little  from 
90"*.  Form  like  that  of  the  ordinary  feldspars.  Twinning  as  with  orthoclase;  also  poly- 
synthetic  according  to  the  albile  and  pericline  laws;  but  in  many  cases  the  twinning 
laminae  very  narrow  and  hence  not  distinct.  Rhombic  section  (see  p.  375)  inclined  ou  b,  4 
to  6**  to  edce  h/c.  Q.  =  2'57-2*60.  Cleavage,  hardness,  luster,  and  color  as  with  other 
members  of  the  group.  Opticallv  — .  Extinction-angle  on  c,  -pS"  45'  to  -h  2";  on  b,  6*  to 
^"•8.  Bx,  nearly  x  y.  Dispersion  p  >  «;  horizontal  distinct.  Axial  angle  variable  with 
temperature,  becoming  in  pari  mouoclinic  in  optical  symmetry  between  b6°  and  264"  C, 
but  again  triclinic  on  cooling:  this  is  true  of  those  containing  little  ailcium. 

CliieHy  a  soda-potnsh  feldspar,  NaAlRisOi,  nnd  KAlSisOm  the  sodium  silicate  usually 
in  larger  proportion  (2  :  1,  3  :  1,  etc.).  as  if  consisting  of  albite  and  orthoclase  molecules. 
Calcium  (CaAltSisOs)  is  also  present  in  relatively  very  small  amount. 

These  triclinic  soda- potash  feldspars  are  chietiy  known  from  the  andesitic  lavas  of 
Pantelieria.  Most  of  these  feldspars  come  from  a  rock,  called  paniellerite.  Also  prominent 
from  the  augite>syenite  of  southern  Norway  and  from  the  "Rhomben-porphyr"  near 
Christiania.  Here  is  referred  also  a  feldspar  in  crystals,  tabular  |  c,  and  twinned  according 
to  the  Mauebach  and  less  often  Baveuo  laws  occurring  in  the  lithophvses  of  the  rhyolyte  of 
Obsidian  Cliflf,  Yellowstone  Park.  It  shows  the  blue  opalescence  in  a  direction  parallel 
with  a  steep  orthodome  (cf.  p.  371). 

Alblte-Anorthite  Series.    Plaffioclase  Feldspars,* 
Between  the  isomorphous  species 

Albite  NaAlSi,0.  Ab 

An©rthite  CaAl,Si,0,  An 

there  are  a  number  of  intermediate  subspecies,  regarded,  as  urged  by  Tscher- 
mak,  as  isomorphous  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  they  enter;  their  composition  is  expressed  in  general  by  the 
formula  Ab„An^.     They  are: 

Oligoclase  Ab.An,  to  AbsAn, 

AXDESIKE  Ab.An,  to  Ab,An, 

Labradobite  AbjAn,  to  Ab.Ans 

and  Bytownite  Ab,Anj  to  Ab,An. 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
with  the  progressive  change  in  composition  (and  specific  gravity),  there  is  also' 

♦  The  triclinic  feldspars  of  this  series,  in  which  the  two  cleavages  b  nnd  c  are  oblique  to 
each  other,  are  often  called  in  general  plagioelase  (from  irXdyioi,  obliqiu). 
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a  corresponding  change  in  crystallograpbic  form,  and  in  certain  fundamental 
optical  properties. 

Crygtaliine  form.  The  aiial  ratios  and  angles  given  on  p.  369  show  that 
these  tricliiiic  feldspara  approach  ortboclase  closely  in  form,  the  most  obvious 
difference  being  in  tne  cleav- 
age-angle be,  which  is  90"  in 
orthoclase,  tjC  'Zi'  in  albite, 
nnd  S5'  50'  in  auorthite. 
There  is  alao  a  change  in 
the  axial  angle  y,  which  is 
88°  iu  albite,  about  90°  in 
olizochtse  and  andeaine,  and 
or  in  anortbite.  This 
transition  appears  still  more 
strikingly  in  the  position  of 
the  "rhombic  section,"  by 
which  the  twins  according 
to  the  pericline  law  are 
united  as  explained  below, 

Tit'imiittff.    The  plagio- 
clase    feMspars     are    often 


Plaginclase  wjih  twinning  liiniellcp,  Fig.  731  seciio 
(001)  iliowlnj  vibratiou- direct  ions  (0^  Fig.  789),  i 
nnry  IIkIh  ;  Fig.  730  seclinn  iu  potnrlztil  llglit. 


twinned  in  accordance  with  the  Carlsbad,  IJaveno.  and  Manebach  laws 
common  ^with  orthoclase  (pp.  3~0,  371).  Twinning  is  also  almost  universal 
according  to  the  n/bite  law — twinning  plane  the  brachypinacoid ;  this  is  nan- 
ally  polysyntbetic,  i.e.  repeated  in  the  form  of  thin  lamellte,  giving  rise  to  fins 
striaCions  oa  the  basal  cleavage  surface  (Figs.  TSS,  ?."iO).  Twinning  )6  also 
common  according  to  the  pericline  law — twinning  axis  the  macrodiagonal 
axis  h;  when  jKilysynthetic  this  gives  another  series  of  fine  striations  seen  on 
the  brachypinacoid. 

The  com  position -plane  Iu  tins  |)ericline  twinning  \a  a  plane  pasting  thrnngb  IhecrjBtnl  in 
Biicii  a,  [lireciioii  lliiit  its  tntPrgcctiimB  witli  tlie  prismitlic  fnces  and  tlie  bmchvpliiacold  make 
equal  plntit>nni;leswiiU  each  oilier,  TlieiMiallion  of  lliisTliombicsecCi'm  anil  Ibe  con wqtient 
ftlret.'tloTi  "f  ilie  siri;iiioiis  on  ilie  liracliypinaco'd  clianirc  rnpliily  wltli  a  Mnall  varifltluii  A\t: 
Ibe  nni;le  y.  In  general  il  nuay  be  Mild  to  be  iipproximntely  imrallel  tcr  thn  liase..biit  JD 
albite  il  is  ini^lineil  bHckn-aid  (+.  Figs.  T3~  ami  739*)  and  in  anortbite  to  tlic  front  (-.  Fig. 
738);  for  ibc  iniertnediale  apetits  Its  posill'in  viirius  progressively  wllb.tlie'  coinposltioiai ' 
Thus  Tor  the  angle  between  Ibe  trace  of  ibis  pbine  on  tlie  bmclivpinacoii'l  ami  tlie  eiige  b/e, 
welmve  for  Albite  4-23'  to  +  2(1°;  for  Oligoclase -[- 9''  to  4-3!°;  for 'AniU-stoo  +  V  t|8,n 
2*;  for  Labradorite  -  9°  to  —  10°,  for  Anorlblte  —  15°  tu  —  1 .".  '      ' 

737.  738.  739.   '    ,        ■  ,   ■    i 


of 


e  often  lettered  as  follows:'  e7o6t)'='i',  J'(ftl5( 
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If  the  composition-plane  is  at  right  angles  to  the  twinning  axis  in  the  pericline  twinning, 
the  polysyuthetic  lumeilse  then  show  prominently  in  a  busal  section,  togelherwith  those  due 
to  the  albite  twinning.     Hence  the  grating  structure  characteristic  of  microcline. 

Optical  Characters,  There  is  also  a  progressive  change  in  the  position  of 
the  ether-axes  and  the  optic  axial  plane  in  passing  from  albite  to  anorthite. 

740.  This  is  most  simply  exhibited  by  the  position 

of  the  planes  of  light-vibration,  as  observed  in 
sections  parallel  to  the  two  cleavages,  bai?al  c 
and  clinopinacoidal  h,  in  other  words  the  ex- 
tinction-angle formed  on  each  face  with  the 
edge  h/c  (cf.  Fig.  739). 

The  approximate  position  of  the  ether-axes 
for  the  different  feldspars  is  shown  in  Fig.  740 
(Schuster).  The  axis  c  does  not  vary  very 
much  from  the  zone'^c,  but  the  axis  a  varies 
widely,  and  hence  the  axial  plane  has  an  en- 
tirely different  position  in  albite  from  what 
it  has  in  anorthite.  Furthermore  albite 
is  optically  positive,  that  is  c  =  Bx,  while 
anorthite  is  negative  or  a  =  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90°. 

The  following  table  gives  the  percentage  composition  of  the  various  molec* 
alar  compounds  of  albite  and  anorthite,  with  the  calculated  specif  gravity 
(Tschermak),  and  also  certain  of  the  optic^il  characters  connected  with  them. 
These  latter  values  were  calculated  bv  Schuster  from  an  equation  deduced  by 
Mallard,  in  which  certain  observed  values  were  assumed  as  fundamental  :* 


Albite 

Oligoclase- 
albite 

Oligoclase      ] 


Andesine 


Ratio  of  Albite 

to  Anorthite 

AbfiAnm 

n  :  m 

1 

12 
6 

4 
2 

8 

1 


Percentage  Composition 


Extinction-ancle 
with  edge  c/o 


I 


Labradorite 

Bytownite 
Anorthite 


\ 


8 

1 

1 
1 

0 


0 

1 
1 

1 
1 

2 
1 

4 
8 

4 

8 

1 


G. 

2*624 

2635 
2*645 

2*653 
2*671 

2*680 
2*694 

2-703 
2*728 

2*735 
2*747 

2*758 


SiO, 

68*7 

66*6 
64*9 

63  8 
59-9 

58*1 
55*6 

58*7 
49  3 

48*0 
45-9 

432 


Al.O, 

19*5 

20*9 
22*1 

23*1 
25*4 

26*6 
28*3 

29*6 
32*6 

33*4 
34*9 

367 


CaO 

0 

1*6 
80 

42 

70 

8*4 
10  4 

118 
153 

16-8 
18*0 

201 


NaiO  one  on  6 

118         +4*30'        -f.19* 

10  9)       +    3'38'       -fl5*8y 
10  0)  to4-    2M5'  to  -f  11-59' 

94)       +    r55'       -f    8*ir 
0'  35'  to  -    2*  lb" 

2"  12'       -    V^ 
5"  10'  to  -  16* 

7**  53'       -  20'  Cy 

2  8  f  to  -  !?•  40*  to  -  29'  28^ 

2  3  i       -  21*    5'       -  81*  IC 

1  2  J  to  -  28"    4'  to  -  88*  40^ 

0         -  37**  -  86* 


7*7  [  to  - 

6*9)       ~ 
5*7  J  to - 

4*9) 


XMff.— In  rork  sections  the  plagioclase  feldspars  are  distinguished  by  tlieir  lack  of  color, 
low  rafractive  relief,  and  low  interference-coloi-s,  which  in  gorul  sections  are  mainly  dark 
gray  and  scarcely  rise  into  white  of  the  first  order;  also  by  their  biaxinl  chanicter  in  con- 
verging light.  In  the  majority  of  cases  they  ore  easily  told  by  th«>  parallel  bands  or  fine 
lamellsB  which  pass  through  them  due  to  the  multiple  twinning  according  to  the  albite 
law;  one  set  of  bands  or  twin  lamellae  exhibits  in  general  a  ditlerent  interferenoe-oolor 
from  the  other  (cf.  Figs.  735,  736).    They  are  thus  distinguished  not  only  from  quarts  and 

»  See  Tschermak,  Ber.  Ak.  Wien,  60  (1).  566. 1865;  Schuster,  Min.  Mitth.,  3,  117.  1881, 
6,  189,  1882;  Mallard.  Bull.  Soc.  Min.,  4,  96,  1881.    Also  MichelL^vy  and  other  antlion. 
referred  to  on  p.  212;  further,  G.  F.  Becker,  Am.  J.  Sc.,  6,  p.  849,  May  1898. 
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orlboclftse,  with  whfch  Ihej  mm  ortea  BSGocinted,  but  from  all  the  common  rock-making 
miuerals.  To  dUtiiiRiiisIi  tlie  dlffereut  species  and  sub-EpecieH  from  one  hoollier,  as  albile 
from  labradiirile  or  andeaiue,  Is  more  illtUcull.  In  mciiods  liitvliig  a  defliillu  oneatalloD 
(|  c  (001)  and  |  b  (010))  lliJH  ctiii  gcaerally  be  dooe  by  deiermiulng  tbe  extliiclion  auglea  (cF. 
p.  875  and  Fi;;.  780  .  In  generul  in  rock  Beclions  speciul  melLods  are  required;  Ibeu  are 
discussed  b;  the  authors  referred  (o  Id  the  uoie  on  p.  876. 

ALBITB. 

Triclinic     Axes  if  :  J  :  <!  =  0-6335 

Y  =  88°  9'. 

be,      010  A  001  =  86°  24'.  1 

mii.  no  A  no  =  59°  w. 

bm.    no  A  010  =  60°  26'. 
em.    001  A  110  =  65"  17. 
eM.   001  A  liO  =  ei)°  W. 
ex.     001  A  iOl  =  52°  16'.     . 
Twins    as    with   orthoclase; 
also  very  common,  the  tw.  p). 
b,  iilbile  law  (p.  375),  usimlly 
contact-twins,     and     polysyn- 
thetic.   consisting  of  thin   la- 
mells  and  with  consequent  fine 
Btriations  on  c;  tw.  axis  £.  peridine  law,  contact-twins  whose  com  position -face 
is  tbe  rhombic  section  (Figs.  737  and  745);  often  poly  synthetic  and  showing, 
fine  striationa  which  on  b  arc  inclined  backward  +  22    to  the  edge  b/e. 

Crystals  often  tabnliir  |  b;  also  elongated  [  axis  i,  as  in  the  variety  peri- 
dine. Also  massive,  either  lamellar  or  graunlar;  the  lamine  often  curved, 
sometimes  divergent;  granular  varieties  occasionally  quite  fine  to  impalpable. 
Cleavage:  c  perfect;  b  somewhat  less  so;  m  imperfect.  Fracture  Qneven 
to  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2-62-3-65.  Luster  vitreous;  on 
a  cleavage  surface  often  pearly.  Color  white;  also  occasionally  bluish,  gray, 
reddish,  greenish,  and  green;  sometimes  having  a  bluish  opalescence  or  play 
of  colors  on  c.    Strettk  uncolored.     Transparent  to  subtransUicent. 

Optically  +.    Plane  (S)  _L  to Bi„ inclined  100°  to  102°  to c on  acnte edge6/c 
744.  746.  Extinction-angle  with  edge 

J/c  =  +  4''30*^to2''onc,and 
=  +  20°  to  15°  on  A  (Fig. 
737).  Dispersion  for  Bx„ 
P  <  v;  also  inclined,  hori- 
zontal; for  Bio>  P  >  ";  in- 
clined, crossed,  Dx.  2H„  = 
Pi-'if-liiie.  80°   to   84°    Dx.      Birefrin- 

gence weak,  y  ~  a  =  0008. 

Coup.— A  silicate  of  aluminium  and  sodium,  NaAlSi.O.  or  Na,O.AI,0,. 
6SiO,  =  Silica  68  7,  alumina  19  5.  soda  IIS  =  100.  Calcium  is  nsually  pres- 
ent in  smiill  amount,  as  anorthite  (CaAI,Si,0,),  and  as  this  increases  it  gradu- 
ates through  oligoclase-albite  to  oligoclase  (cf.  p.  376).  Potassinm  may  also 
be  present,  and  it  is  then  connected  with  anorthoclase  and  microcline. 

Var. — Ordinary.     In  crystals  iind  mnrsive.   The  crystals  often  tabular  \b.    Tbe  maiafTa 
Forms  iire  usually  nearly  pure  while,  and  iifien  show  wiivy  or  curved  lammie.     PtrUlaiU 
la  t  whiiisb  adulnrtN-like  alblie.  alight ly  frldem^eat,  named  from  ntoKTifpa,  pigam.    .^ma- 
la  varieties  sIho  occur.     Perielina  from  tbe  chloritic  icbUla  of  tii«  Alpi 
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is  in  rather  large  opaque  white  crystals,  with  characteristic  elongation  in  the  direction  of 
the  b  axis,  as  shown  in  Figs.  744  and  745,  and  commonly  twinned  with  this  as  the  twinning 
axis  (pericline  law). 

Pyr..  etc.— B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
the  flame.     Not  acted  upon  by  acids. 

DiflF.— Resembles  barite  in  some  forms,  but  is  harder  and  of  lower  specific  gravity;  does 
not  effervesce  with  acid  (like  calcite).  Distinguished  optically  and  by  the  coinmou  twin- 
ning striaiious  on  e  from  orthoclase;  from  the  other  triclinic  feldspars  partially  by  specitic 
gravity  and  better  by  optical  means  (see  p.  376). 

Obs. — Albiie  is  a  constituent  of  many  igneous  rocks,  especially  those  of  alkaline  type, 
as  granite,  elaeolite-syenite,  diorite,  etc.;  also  in  the  corresponding  feldspaihic  lavas  In 
p&rt/iiU  (p.  373)  it  is  interlaminated  with  orthoclase  or  microcline,  and  similar  aggrega- 
tions, often  on  a  microscopic  scale,  are  common  in  many  rocks.  Albite  is  common  also 
in  gneiss,  and  sometimes  in  the  crystalline  schists.  Veins  of  albitic  granite  are  often 
repositories  of  the  rarer  minemls  and  of  tine  crystallizations  of  gems,  inclndihg  beryl, 
tourmaline,  allanite,  columbite,  etc.  It  is  found  in  disseminated  crystals  in  granular 
limestone. 

Some  of  the  most  prominent  European  localities  are  in  cavities  nud  veins  in  the  granite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  wiih  adularia,  smoky  quartz, 
chlorite,  titanite.  apatite,  and  many  rarer  species;  it  is  often  implanted  in  parallel  position 
upon  the  orthoclase.  Thus  in  the  St.  Gothard  region;  Roc  Tourne  near  Modane,  Savoy; 
onMt.  Skopi  (pericline):  Tavetschtlml;  Sclimirn,  Tyrol;  alsoPtitsch,  Ranris,  the  Zillerthal, 
Kriml,  Stthnueherg  in  Passeir  in  simple  crystals.  Also  in  Dauphine  in  similar  association; 
Elba.  Also  Hirschberg  in  Silesia;  Fenig  in  Saxony:  with  topaz  at  Mursinka  in  the  Ural 
and  near  Miask  in  the  Ilmen  Mts. ;  Cornwall,  Enghmd;  Mourne  Mts.  in  Ireland. 

In  the  United  States,  in  Maine,  at  Paris,  with  red  and  blue  tourmalines.  In  Mass  ,  at 
Chi'Sterfield,  in  lamellar  masses  (cleavelandite),  slightly  bluish,  also  fine  granular.  In  New 
Hamp.,  at  Acworth  and  Alsiead.  In  Conn.^  at  Hnddjim;  at  the  Middlelown  feldspar 
quarry;  at  Branchville,  in  fine  crystals  and  massive.  In  N.  Y&i'k,  at  Moriali,  Essex  Co.,  of 
a  greenish  color.  In  Penn.,  at  Unionville,  Chester  Co.  In  Virginia,  at  the  mica  mines 
near  Amelia  Courl-House  in  splendid  crystallizations.  In  Colorado,  in  the  Pike's  Peak 
region  with  smoky  quartz  and  amazon-stone. 

The  name  albiU  is  derived  from  aUms,  white,  in  allusion  to  its  common  color. 

Oligoclase. 

Triclinia  Axes,  see  p.  369  he,  010  A  001  =  86°  32'  Twins  observed 
according  to  the  Carlsbad,  albite,  and  pericline  laws.  Crystals  not  common. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  h  somewhat  less  so.     Fracture  conchoidal  to  uneven. 

Briftle.    II.  =  6-6*5,   6.  =  2*65-2'67.     Luster  vitreous  to  somewhat  pearly  or 

waxy.     Color  usually  whitish,  with  a  faint  tinge  of  grayish  green,  grayish 

white,  reddish  white,  greenish,  reddish;  sometimes  aventurine.     Transparent, 

,subtranslucent.     Optical  characters,  see  p.  376. 

Comp.,  Yar. — Intermediate  between  albite  and  anorthite  and  corresponding 
to  Ab.Au,  to  Ab,An„  but  chiefly  to  Ab,An,,  p.  376. 

Var.— 1.  Ordimry.  In  crystals  or  more  commonly  massive,  cleavable.  The  varieties 
containing  soda  up  to  10  p.  c.  are  called  oUgoelase-aU.ite.  2.  Aventurine  oligoclase,  or  sun- 
stone,  is  of  a  grayish. white  to  reddish-gray  color,  usually  the  latter,  with  internal  yellowish 
or  reddish  flre-like  reflections  proceeding  from  disseminated  crystals  of  probably  either 
hematite  or  gOthite. 

Pyr.,  etc.— B  B.  fuses  at  3  5  to  a  clear  or  enamel  like  glass.  Mot  materially  acted  upon 
by  acids. 

Diff.— See  orthoclase  (p.  872)  and  albite  (p.  377):  also  pp.  870,  376. 

Obs.— Occurs   in  porphyry,   granite,  syenite,  and  also  in  different  effusive  rocks,  as 

andesite      It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  gnmite-like  rock. 

Among  its  localities  are  Danviks-Zoll  near  Stockholm;  Pargas  in  Finland;   Shaitansk, 

•Ural;  in  syenite  of  the  Vosges;  at  Albula  in  the  Orisons;  Marienbad,  Bohemia;  Chalanches 

in  Allemont,  and   Bourg   d'Oisans,  Dauphine;  as  sunstone  at  Tvedestrand,   Norway;  at 

.HitterO;  Lake  Baikal.  : 
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In  the  United  States,  at  Fine  and  Macomb,  St.  Lawrence  Co.,  N.  Y.,  In  good  crystals; 
at  Dnnbury,  Ct.,  with  ortboclase  and  dauburite;  Uaddam,  Ct.;  at  the  emery  mine,  Ches- 
ter, Mass.,  granular;  at  Uuiouville,  Pa ,  with  euphyllite  and  corundum;  Mineral  Hill, 
Delaware  Co.;  at  Bakersville,  N.  C,  in  clear  glassy  masses,  showing  cleavage  but  no 
twinuiug.    Named  in  1«2«  by  Breitbaupt  from  oXtyo^,  litLe,  and  KXdaii.fraciure, 

Andesine. 

Triclinic.  Axes,  see  p.  369.  Jc,  010  A  001  =  86°  14'.  Twins  as  with 
albite.     Crystals  rare.     Usually  massive  cleavable  or  granular. 

Cleavage:  c  perfect;  h  less  so;  also  M  sometimes  observed.  H.  =  5-6. 
G.  =  2-68-2*69.  Color  white,  gray,  greenish,  yellowish,  flesh-red.  Luster 
subvitreous  to  pearly.     Optical  cliaracters,  see  p.  376. 

Comp. — Intermediate  between  albite  and  anorthite,  corresponding  to  Ab: 
An  in  the  ratio  of  3 : 2,  4 :  3  to  1 : 1,  see  p.  376. 

Pyr.,  etc  — Fuses  in  thin  splinters  before  the  blowpipe.     Imperfectly  soluble  in  acids. 

Obs.— Observed  in  many  granular  and  volcanic  rocks;  thus  occurs  in  the  Andes,  at 
Manna! o,  as  an  ingredient  of  the  rock  called  andesiU;  in  the  porphyry  of  TEsterel.  Dept. 
du  Var.  Fnince;  in  the  syenite  of  Alsace  in  the  Vosges;  at  iTapneflord,  Iceland;  Boden- 
mais,  Bavaria.  Sanford,  Me.,  with  vesuvianite.  Common  in  the  igneous  rocks  of  the 
Rocky  Mis. 

Ifabradorite.     Labrador  Feldspar. 

.  Triclinic.  Form  near  that  of  andesine,  but  not  accurately  known  (p.  369). 
Cleavage  angle  be  =  86°  4'.  Forms  and  twinning  similar  to  the  other  plagio- 
clase  species.  Crystals  often  very  thin  tabular  |  b,  and  rhombic  in  outline 
bounded  by  cy  or  ex  (Fig.  425,  p.  131).  Also  massive,  cleavable  or  granular; 
fionietimes  eryptocrystalline  or  hornstone-ljke. 

Cleavage:  c  perfect;  b  less  so;  M  (110)  sometimes  distinct.  H.  =  5-6. 
G.  =  2'70-2'72,  Luster  on  c  pearly,  passing  into  vitreous;  elsewhere  vitreous 
or  subresinous.  Color  gray,  brown,  or  greenish  ;  sometimes  colorless  and 
glassy;  rarely  porcelain-white;  usually  a  beautiful  change  of  colors  in  cleav- 
able varieties,  especially  |  b.  Streak  uncolored.  Translucent  to  subtrans- 
lucent.     Optical  characters,  see  p.  376. 

Pliiv  of  colore  a  common  character,  but  sometimes  wanting  as  in  some  colorless  crys* 
Ijils.  Blue  and  green  are  the  pretlominiint  colors;  but  yellow,  tire-red,  and  |>carl-gray  also 
occur.  Voi^elsang  regards  the  common  blue  color  of  labradorite  as  an  interference- 
pliei:omeij()u  due  to  its  lamellar  structure,  while  the  golden  or  reddish  schiller,  with  the 
other  colors,  is  due  to  the  presence  of  black  acicular  microlites  and  yellowish-rod  micro- 
scopic lamellfe,  or  to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  has 
exainiiR-d  the  iticlusions,  their  position,  etc..  and  given  the  names  m/(;r<>p/aA:t^  and  miero- 
phyllite  to  two  groups  of  them.     (See  references  on  p  142.) 

Comp.,  Tar. —  Intermediate  between  albite  and  anorthite  and  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  376. 

The  feldspars  which  lie  between  labradorite  proper  and  anorthite  have  been  embraced 
by  Tschennak  \nuler  the  name  bytoicnite.  The  original  bvtownite  of  Thomson  was  a 
grecnish-vvhite  feldspalhic  mineral  found  in  a  bouhler  near  Bytown  (now  Ottawa)  iu 
Otitujio,  Canada. 

Pyr..  etc  —  H.B.  fuses  at  3  to  a  col(»rle.s<»  glass.  Decomposed  with  difficulty  by  hydro- 
chloric aci<i.  generally  leaving  a  portion  of  undecomposed  mineral. 

Diff-— The  beautiful  play  of  colors  is  a  common  but  not  universal  character.  Other- 
wise  distinixui-Jied  as  are  the  other  feldspars  (pp.  370,  376). 

Obs  — Labradorte  is  an  essential  constituent  of  various  igneous  rocks,  especially  of  the 
ba<iir  kinds  and  usually  associated  with  FomeuuMnber  of  the  pyroxene  orampliibole  groups. 
Thtis  with  hypersihene  in  norite,  with  diallage  in  gabbro,  with  some  form  of  pyroxene  in 
diabase,  basalt,  dolerite,  also  andesite.   tephrite,  etc.      Labradorite  also  occurs  in  other 
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kinds  of  Iryr,  and  is  sometimes  found  in  tbem  in  glassy  crystals,  as  in  those  of  Etna, 
YesuTius,  the  Sandwich  Islands  at  Kilauea. 

The  hibnidoriiic  massive  rocks  iire  most  common  among  the  formations  of  the  ArcbsBaa 
era.  Such  are  part  of  those  of  British  America,  northern  New  York.  Pennsylvania, 
Arkanbas;  those  of  Greenland,  Norway.  Finland.  Sweden,  and  probably  of  the  Vosges. 

On  the  coast  of  Labrador,  labradorite  is  associated  with  hornblenffe,  hypersthine,  and 
magnetite.  It  is  met  with  in  many  places  in  Quebec.  Oct  urs  abundantly  through  the  cen- 
tral Adirondack  region  in  northern  New  York;  in  the  Wichita  Mts.,  Aikansas. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionary,  about  the  year  1770. 

Maskbltnite.    In  colorless  isotropic  grains  in  meteorites;  composition  near  labradorite. 


ANORTHITZI.     Indianite. 

Triclinic.   Axes  d:l:6=:  0-6347 
y  =  91^  12'. 

be,  010  A  001  =  85'  W. 
mM,  110  A  liO  =  69'  29*. 
hm,    010  A  110  =  58"    4'. 

746.  747. 


1  :  0-5501;  a  =  93**  13',  /3  =  115^  55f , 

cm,  001  A  110  =  65'  55'. 
cjr,  001  A  liO  =  69*  20'. 
cy,     001  A  20l  =  HV  14'. 

748. 


Twins  as  with  albite  (p.  375  and  p.  377).  Crystals  usually  prismatic  |  6 
(746,  also  Fig.  338,  n.  108),  less  often  elongated  ||  h,  like  pericline  (Fig.  747). 
Also  massive,  cleavable,  with  granular  or  coarse  lamellar  structure. 

Cleavage:  c  perfect;  ft  somewhat  less  so.  Fracture  cone  hoi  dal  to  uneven. 
Brittle.  H.  =  6-6-5.  G.  =  2*74-2-76.  Color  white,  grayish,  reddish.  Streak 
uncolored.     Transparent  to  translucent. 

Optically  — .  Ax.  pi.  nearly  J.  «  (021),  and  its  trace  inclined  60°  to  the 
edge  c/e  from  left  above  behind  to  right  in  front  below.  Extinction-angles  on 
c,  -  34''  to  -  42''  with  edge  b/c;  on  ft,  -  35''  to  -  43"  (Fig.  739,  p.  375).  Dis- 
persion  p  <  v,  also  inclined.  2Ha.r  =  84°  50'.  Birefringence  stronger  than 
with  albite,  y  -  a  =  0-013. 

Comp. — A  silicate  of  aluminium  and  calcium,  CaAl,Si,0.  or  CaO.  Al,0,.2SiO 
=  Silica  43-2,  alumina  36  7,  lime  20-1  =  100.     Soda  (as  NaAlSi.Oj  is  usually 

E resent  in  small  amount,  and  as  it  increases  there  is  a  gradual  transition  through 
ytownite  to  labradorite. 

Yzx.—Anorthite  was  described  from  the  glnsay  crystals  of  Somina;  and  ehristianite  and 
bioiine  are  the  same  mineral.  Tliianauite  is  the  same  from  Iceland.  Indianite  is  a  white, 
grayish,  or  reddish  granular  anorihite  from  India,  where  it  occurs  as  the  gangne  of  corun- 
dinn,  first  described  in  1802  by  Count  Bournon.  Cffcl&piU  occurs  in  small,  transparent,  and 
glassy  crystals,  fibular  |  6,  coating  cavities  in  the  dolerite  of  the  Cyclopeuu  Islands  and 
nearTrezza  on  Etna.     Ampftodelite,  lepolite^  Itttrobite  also  belong  to  anorthite. 

Pyr.,  etc.— B.B.  fuses  at  5  to  a  colorless  glass.  Anorihite  from  Mic.  Somma,  and 
indianite  from  the  Camatic,  are  decomposed  by  hydrochloric  acid,  with  separation  of 
gelatinous  silica. 
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Obs. — Occun  In  aomo  dloritci;  occMlcmally  Id  conDCCtion  with  gabbra  and  Mrpantln* 
rocks;  in  Kinie  cases  aloug  wjtii  corundum;  io  mauy  nitciiiilc  rocka,  andeillca,  baaalla,  elc.; 
■■  a  conatilueut  of  some  meteoriles  (JuTcnas,  Stauuern). 

Anortblte  {cArittianitt  arid  bu/tine)  occurs  al  Mouut  Vesuvius  In  Isolated  blocki  among 
the  ulii  laTu  in  Ihe  laTines  of  Monte  Sornnm;  Id  the  Albani  Uts.;  ou  Itie  Petmedn  Alp, 
Honzoof.  Tyrol,  as  a  contact  iniuenil;  Atanyer  Berg,  Trausylvauia,  In  aDdesite;  ou  Ice- 
land: near  Boeoalovsk  In  iLe  Ural.  In  the  Cyolopean  lalaods  (ej/elopilt).  In  the  lata  of 
the  islanil  of  Hiyake,  Japan. 

Anort/iiU  wiis  uauieJ  iu  1BS3  by  Rose  from  ctvoffiis,  obliqu*.  the  cryitalliiatton  being 
trlclinic. 

OeUati.  BaAliSliOi,  timllaT  to  anorthlte.  but  GOntalDtng  barium  Inetead  of  calcium. 
HanWe.  wlibtheuaualcleaTacese(001)ani]6(010),  i«  =  8»''36'.  H.  =  ^-es.  O.  =:  897. 
ColorleM.    Extinctton:  on  c.  8*  W;  on  b,  SO*  iS.    From  Jakohiberg,  Sweden. 


XL  MetuUioatei.    BSiO,. 

Salts  of  Metsailicic  Acid,  H,SiO,;  cbaraoteriied  by  an  ozjrgen  ratio  of  2  : 1 
for  silicon  to  basea.  The  Division  closes  with  a  number  of  speciea,  in  part  of 
somewhat  donbtfal  composition,  forming  a  transition  to  the  OrthosilicataB. 

The  metasilicates  incinde  two  prominent  and  well-cbaracteriied  gronpt, 
Ti2.,  the  Pyroxene  Group  and  the  Amphibole  Group.  There  are  also  others 
less  important. 


Iieucite  Group.     Isometric, 

o  tfae  specie*  of  the  Peldspas  Gboup,  which  Imme- 

Leneit*  KA)(8iO,),  Isometric  at  500° 

Psen do- isometric  at  ordinary  temperatures. 
PoUttcit*  H,C8.Al,(SiO,).  Isometric 

LBUOTm.     Amphlgdne. 

Isometric  at  500°  C;  pseudo-isometric  under  ordinary  conditions  (see  p. 
330).  Commonly  in  crystals  varying  in  angle  but  little  from  the  tetragonal 
trieoclahedron  n  (311),  sometimes  with  a  (100),  and  d  749. 

(110)  as  subordinate  forms.  Faces  often  sliowiitg 
fine  striations  due  to  twinning  (Fig.  749).  Also  in 
disseminated  grains;  rarely  mHssive  grannlar. 

Cleavage:  d  (110)  very  imperfect.  Fracture  con- 
clioidul.  Brittle.  H.  =  5'5-6.  G.  =  2-45-2-50.  Luster  // 
vitreous.  Color  white,  ash-gray  or  smoke-gray.  Streak 
uncolored.  Translucent  to  opaque.  Usually  shows 
very  feeble  double  refraction:  qj=  1-508,  e  =  I -509 
(p.  -iW). 

Comp.  -  KAUSiO,),   or    K,0.AI,0,.4SiO,  =  Silica 
550,  alumina  23  5,  potash  21-5  =  100. 

SoiU  is  present  only  in  smnll  qiinntflies.  iinleit  as  Introduced  by  allerallon;   traces 
lilbiiira,  also  of  rubidium  and  cKMiim,  have  been  delected, 

Pyr.,etc. — B.B.  Infusible;  w!'h  ciibsll  solution  f^ves  a  blue  color  (nlumlnlum),     Deco 
poseiiliy  hydrocbliiric  add  without  geliillnlzalion. 

Diff  — Cliaracierlzed  by  Its  Impezcihedral  fonu,  absence  of  color,  snd  Infuslbllity. 
Is  softer  Uiau  garuel  and  harder  tbuu  aiiulclte;  tbe  latter  yields  waler  and  fuses. 
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Reco^ized  in  thin  sections  by  its  extremely  low  refraction,  isotropic  character,  and  the 
qrmmetrical  arrangement  of  iuclusious  (Fig.  75Q;  also  Fig.  471,  p.  141).    Larger  crystals  i 

760. 

Leucite  crystals  from  the  leucitite  of  the  Bearpaw  Mts.,  Montana  (Pirsson).     These  show 
the  progressive  growth  from  skeleton  forms  to  complete  crystals  with  glass  inclusions. 

are  commonly  not  wholly  isotropic  and,  further,  show  complicated  systems  of  twinning- 
lines  (Fig.  749);  the  birefringence  is,  however,  very  low.  and  the  colors  scarcely  rise  above  , 
dark  gray;  they  are  best  seen  by  introduction  of  the  quartz  or  seleuite  plate  yielding  red  of 
the  first  order.     The  smaller  leucites,  which  lack  this  twinning  or  the  iuclusious,  are  only 
to  be  vllsitinguished  from  sodalite  or  analcite  by  chemical  tests. 

Obs. — Leucite  occurs  onlv  in  igneous  rocks,  and  especially  in  recent  lavas,  as  one  of  the 
products  of  crystallization  of  magmas  rich  in  potasb  and  low  in  silica  (for  which  reason  this 
species  rather  than  orthoclase  is  formed).  The  larger  embedded  crystals  are  commonly 
anisotropic  and  show  twinning  lamellse;  tiie  smaller  ones,  forming  the  groundmass,  are  iso- 
tropic and  without  twinning.  Found  iu  leucitites  and  leucite- basalts,  leucitophyres,  leucite- 
phonolites  and  leucite-tephrites;  also  in  certain  rocks  occurring  in  dikes.  Very  rare  Iq 
intruded  igneous  rocks,  only  one  or  two  instances  being  known;  but  its  former  presence 
under  such  conditions  is  indicated  by  pscudomorphs,  often  of  large  size  (pseudolevcite) 
consisting  of  nephelite  and  orthoclase,  also  of  nnaU^ite. 

The  prominent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Somma.  where  it  is  thickly 
disseminated  through  the  lava  in  grains,  and  in  larffc  perfect  crystals;  also  in  ejected 
masses;  also  near  Rome,  at  Capo  di  Bove,  Rocca  Monhna,  etc.  Further  in  leucite  tephrite 
at  Proceno  near  Lake  Bolsena  in  central  Italy:  also  about  the  Laacher  See  and  at  several  - 
points  in  the  Eifel;  at  Riedcn  near  Andernach;  at  Meiclics  in  the  VoL'elsgebirge;  in  the 
Kalserstuhlgebirge.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the  Cerro  de  las  Virgines, 
Lower  Californiit.  In  the  United  States  it  is  present  in  a  rock  in  the  Grei'ii  Kiver  Basin  at  > 
the  Leucite  Hills.  Wyoming;  also  in  the  Absaroka  range,  in  northwestern  Wyoming:  in 
the  Higliwood  and  Bearpaw  Mts  ,  Montana  (in  part  pseudolencite).  On  the  shores  of  Van- 
couver Island,  where  magnificent  groups  of  crystals  have  been  found  as  drift  boulders. 

Pseudoleucite (see  above)  occurs  in  the  phonolite (tinguaite)  of  the  Serra de  Tingua,  Brazil; 
at  Magnet  Cove,  Arkansas;  near  Hamburg,  N  J.;  Montana;  also  in  the  Cariboo  Distr., 
British  Columbia. 

Named  from  XevKoS,  wJiite,  in  allusion  to  its  color. 

Pollucite.  Essentially  Ha0.2CsaO  2AlaO>  9SiOa.  Isometric;  often  in  cubes;  also  mas- 
sive. H.  =  6  5.  G.  =  2'901.  Colorless.  Occurs  very  sparingly  in  the  island  of  Elba; 
with  petalite  (castorite);  also  at  Hebron  and  Rumford,  Me. 


Pyroxene  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 
Compoe>  ion  for  the  most  part  that  of  a  nietasilicate,  RSiO,,  with  R  = 

Ca,Mg,Fe  chiefly,  also  Mn,Zn.     Further  RSiO,  with  R(Fe,Al),SiO,,  less  often 

I 

containing  alkalies  (Na,K),  and  then  RSiO,  with  RAl(SiO,),.     Rarely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

a.  Oi'thorhonibic  Section. 

ii  *  t)  '  c  or  u  '  (I  *  V 

Enstatite  MgSiO,  09702  :  1  :  0-5710       1-0307  :  1  :  0-5885 

Bronzite  (Mg,Fe)SiO, 

Hypersthene  (Fe,Mg)SiO.  09713  :  1  :  0-5704       10319  :  1  :  0-587^ 

The  second  set  of  axial  ratios,  with  a  =  1,  brings  out  the  similarity  of  the  form  to  the 
monoclinic  species. 


^      '  f .    SILICATES.  3riS^ 

/9.  Monociinic  Sedi&n. 
J?yoxene  1^921 :  i  :  0-6893  74"  10^ 

I.   NON-ALUMn90V8    VARIETIES: 

Malacolite,  Salite,  Diallage^  etc. 

2.  Hedenbergite  CaFe(SiO,), 

Manganhedenbergite  Ca(Fe,Mn)(SiO,), 

3.  ScHEFFEHiTE  (Ca,Mg)(Fe,Mn)(SiO,), 

Jeffersonite  {Ca,Mg)(Fe,Mn,Zn)(SiO,), 

II.  Aluminous  Varieties: 

4   AUGITE  (  Ca(Mg,Fe)(SiO.), 

*•  ^"^^'^^  (  with  (Mg,Fe){Al,Fe),SiO. 

Lencaugite^  Fas^ite^  Augite^  ^girite-augite. 

V  d:S:6  /5 

Acmite  (^girite)  NaFe(SiO,)',  1-0996  :  1  :  06012  73°  11' 

Spodnmene  LiAl(SiO,),  1-1238 :  1  :  0*6355  69°  40' 

Jadeite  NaAl(8iO,),  1-103    :  1  :  0613    72°  44i' 

a  :i  :  6  /3 

Wollartonite  CaSiO.  1-0531  :  1  :  09676  84°  30' 

Pectolite  HNaCa,{SiO,).  11140  :  1  :  09864  84°  40' 

y,  Tridinic  Sedian, 

a  :^  :  6  a  (3  v 

Ehodonite    MnSiO.  10729  :  1  :  06213   103°  18'     108°  44'  8^39' 

also  (Mn,Ca)SiO. 
(Mn,Fe)SiO. 
(Mn,Zn,Fe,Ca)SiO, 
Babingtonite  10691  :  1  :  06308   104°  21^'  108°  31'  83°  34' 

(Ca,Fe,Mn)SiO,.Fe,(SiO,), 

The  rare  species  Hoseiibuschile,  L&vcnite.  Wrtblerite  also  belong  under  the  moDOclinic 
section  and  Hinrtdaiililc  under  the  iriclinic  section  of  tbis  group. 

The  Pyroxene  Group  embraces  a  number  of  species  which,  while  falling 
in  difTi'rent  systems — orthorhombic,  monociinic,  and  triclinic— are  yet  closely 
rohiteil  in  form.  Thus  all  have  a  fundamental  prism  with  an  angle  of  93°  and 
87'',  parallel  to  which  there  is  more  or  less  distinct  cleavage.  Further,  the 
anirles  in  other  prominent  zones  show  a  considerable  degree  of  similarity.  In 
composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are  most 

n  ni  I 

promimMit,  while  compounds  of  the  form  R(Al,Fe),SiO„  RAl(SiOi),  are  also 
important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
corresponding  species  of  the  amphibole  group,  which  also  embraces*  members 
in  the  orthorhombic,  monociinic,  and  triclinic  systems.  In  a  number  of  cases 
the  same  chemical  compound  appears  in  each  group;  furthermore,  a  change 
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by  paramorphism  of  pyroxene  to  amphibole  is  often  observed.  In  form  also 
tbe  two  groups  are  related,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  monoclinic  amphibole  npon  or  about  those  of  pyroxene 
(Fig.  430,  p.  131).     The  axial  ratios  for  the  typical  monoclinic  species  are: 

Pyroxene  a  :  h  :  d    =  1-0921  :  1  :  0-5893  /3  =  74°  10' 

Amphibole  a:  it:  6  =  1-1022  :  1  :  0  5875  /3  =  73°  58' 

See  further  on  p.  398. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group, 
specially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographic  axes  are  exemplified  in  the  following  figures  (Cross). 

761. 

L  n.  m.  IV.  V.  VL 
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I,  Enstatite,  etc.    11,  SpodumeDe.    Ill,  Diopside,  etc.     lY,  Hedenbergite,  Augite. 

V.  Augite.    VI.  Mgiriie, 

lA  corresponding  exhibition  of  the  prominent  amphiboles  is  given  under  that 
(group.  Fig.  785,  p.  398. 


BN8TATITB. 

Orthorhombic. 
762. 


a.  Ortharhatnhie  Sedion. 


Axes  a:h:i  =  0  9702  :  1  :  05710. 


tfn 


m 


fiwii"'.  110  A  110  =  88'  16'. 
qq',      023  A  028  =  4r  41'. 


TT 


228  A  223  =  40*  16J. 
rr'",  223  A  228  =  39*    IJ. 


Twins  rare:  tw.  pi.  h  (014)  as  twinning  lamell»; 
also  tw.  pi.  (101)  as  stellate  twins  crossing  at  angles  of 
nearly  60%  sometimes  six-rayed.  Distinct  crystals  rare, 
habit  prismatic.  Usually  massive,  fibrous,  or  lamellar. 
Cleavage:  m  rather  easy.  Parting  |  b;  also  a.  Frac- 
ture uneven.  Brittle.  H.  =  5*5.  G.  =  3*l-3-3.  Luster. 
Bamle.  a  little  pearly  on  cleavage-surfaces  to  vitreous;    often 

metalloidal  in  the  bronzite  variety.  Color  grayish,  yellowish  or  greenish  white, 
to  olive-green  and  brown.  Streak  uncolored,  grayish.  Translucent  to  nearly 
opaque.  Pleochroisra  weak,  more  marked  in  varieties  relatively  rich  in  iron. 
Optically  -f.  Ax.-pl.  ||  6.  Bx  X  c.  Dispersion  p  <v  weak.  Axial  angle  large 
and  variable,  increasing  with  the  amount  of  iron,  usually  about  90**  for  FeO 
=  10  p.  c.     /3j  =  1-669;  y  -  a  =z  0009. 

Comp.,  Tar.— MgSiO,  or  MgO.SiO,  =  Silica  60,  magnesia  40  =  100.     Also 
<Mg,Fe)SiO,  with  Mg  :  Fe  =  8  :  1,  6  :  1,  3  :  1,  etc. 

Var.— 1.  With  little  or  no  iron;  Enstatite.    Color  white,  vellowish,  crrajrish,  or  greeolsh 
white;  luster  vitreous  to  pearly;   G.  =  810-813.     Chladnite  (Shepardite  of  Rose),  which 
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oukM  op  W  p.  c.  of  tb«  Bbhopvllle  meteorlle,  beloDgi  here  and  l«  the  purest  kind.  P&tonfc, 
occurring  to  tbe  Deeu  msteoric  IroD  in  roteLtfle  of  acicuUr  cryitela,  la  almllHr. 
1M.  764. 


^ft». 

/ 

\ 

100 

/ 

/ 

/ 

\ 

\ 

N. 

3.  Ftrr^en 


Hypentbene. 
.  oliT»-green  and  brown.    Ltuter  ot 

„ --  .  ,    ..   ,        ■ubmelalKc  or  broute-like;  tlila,  bowcver,  U 

uniallv  of  secoudary  oririn  and  is  not  esaenliiil.  With  ibe  increaae  ot  Iron  (above  13  to  14 
p.  c.)  bronzile  passes  loliypentliene,  the  optic  azlal  angle  cbantcing  so  thai  in  the  latlei- 
«  =  Bx,  and  Ex.  i  a.    Tliis  !■  illiutraled  by  Fig*.  15S,  764. 
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Pyr.,  etc.— B.B  almost  Infusible, being  only  slightly  rounded  on  the  thin  eilgea:  F.  =  6. 
Insoluble  iti  iwdrochloric  scid, 

Obs. — Eiistntfre  (incl.  bronzile)  Is  a  commnn  const  ilueot  of  perldotllesnnd  the  Ferpenlinea 
<lerivcil  from  Ibem;  it  al.vi  occurs  in  cryslsllinc  scliists.  Il  is  nflen  fiasorinieil  in  parallel 
growtli  witli  n  moDOclinlc  pyroxene,  e.g..  rimlliige  (Figs.  755.  75S).  A  common  mineral  in 
meteoric  stones  often  occitrrlnir  in  chondriiles  with  ercentric  radiated  Btruoliiru  (FiR.  7B7). 

Oi-cin-s  near  Aloyalbal  in  HurnTln.  In  serpentine;  at  Kiiprerl)erc  in  Biivnria;  at  Banie  in 
llie  Hitrz  (prolobaitile):  In  tlie  so-callud  oHvine  bombs  oT  the  Dreiser  Weiber  in  the  Eifel; 
in  imnienst;  crysbkls.  In  pari  nltcreil,  a1  the  npoiite  ileposits  of  KJOrrestsil  near  Biimie,  Nor< 
wav:  in  tlie  peridoti'e  Associated  wiih  tbe  diamond  deposits  of  8i>iith  ArHcii. 

'In  Ibe  U  S..  in  N<-w  York  at  tbe  Tilly  Foster  mAgnetile  mine,  Brenster,  Putnam  Ca, 
vitb  cliimdrodile;  ,at  Edwards.  M.  Y. 

Numed  from  fvtTTa'rr/i,  an  cppcntnl.  because  so  refractory.  Tbe  name  bromitt  haa 
priority,  but  a  bronze  luster  is  not  essential,  and  Is  far  troro  unlTeraal. 


Orthorhombio.     Axes  d:l:i  =  0-9713  :  1 :  0-5704. 
ram"',   no  A  liOsSB'Sff. 
hh'.       014  A  0l4  =  16*  14'. 


DBSCKIPTITK  HINEHALOOY. 


Crystals  rare,  habit  prismatic,  often  tabular  |  a,  less  often  |  b.  TiBually 
loliated  massive;  Bometimes  in  embedded  sphericul  forma. 

Cleavage  :  b  perfect;  m  and  a  distinct  but  interrupted.  Fracture  uneven. 
Brittle.     H.  =  5-6,     Q.  =  3'40-3'50.     Luster  bo  me  what  pearl;  on  a  cleavage- 
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etirface,  and  sometimes  motalloidal.  Color  dark  brownish  graen,  grayish  black« 
greenish  black,  pinch  beck- brown.  Sirenk  grayish,  brownish  gray.  Translu- 
cent to  nearly  opaque.  Pleochroism  often  strong,  especially  in  the  kinds  with 
high  iron  percentage  ;  thna  [  fl  or  «  brownish  rpo,  i'  or  h  rwidish  yellow,  c  or  ^ 
green.  Optically  — ,  Ai.  pi.  |  b.  Bx  J.'(.  Dispersion  p  >  r.  Axial  nngle 
rather  large  and  variable,  diminishing  with  increase  of  iron,  cf.  enetatiie,  p. 
384,  and  Figs.  753,  754,  p.  3H5.     (i  =  1-70'^;  y  -  ^  =  0013. 

Hyperstheno  oricri  cncl<isF<  minute  labiikr  scalca.  iisiiiilty  of  it  brnwu  color,  iirinnced 
mosily  parnllol  tn  the  Insnl  plane  (Fig.  760).  nUo  l(^Ks  freqiieully  verlii-iil  or  iacliucc)  3(1°  to 
i:  iliey  may  be  biookite  (^'Oiliiit^,  liemalitc).  bin  iheir  true  tiaturv  is  dimbiful.  Tlity  are 
tlie  cause  of  the  pccuJIiir  iiicnilloldBl  luster  i>r  stbillcr,  and  me  ofteu  of  seeouitaiy  r>ri):iii. 
being  developed  along  ilieui-ralled  "snliilioti-planes"  (p.  140). 

CoBip,T«r.-(Fe,Mg)SiO.  with  Fe:Mg=  ]:3(FeO  =  1C7  p.  c),  l:a{FeO 
=  21i  p.  c.)  to  nearly  i :  l(FeO  =  31'0  p.  c).  Alumina  is  Eometiines  presfnt 
(up  to  10  p.  c.)  and  the  composition  then  approximates  to  the  alnmiuoua 
pyroxenes. 

or  Ihe  orthorhombic  mngn est uni- Iron  in etasi] kales,  lliose  with  FtO  >  13  to  15  p.  c.  are 
lunallj  to  be  cliissed  with  hyperslheiie,  which  Ib  further  cliarucltirizcti  by  being  optically 
negative  nod  hnvlne  dUpersioo  (j  >  e. 

Pyr.,  etc. — B.ll.  fuses  to  a  black  enamel,  ntid  o 
fuses  more  easily  wllh  inereosiDg  smouni  of  irou. 
chloric  acid. 

Obs. — Uyperstheoe.  ossnolated  with  a  tiicllnic  feldspar  (Isbrador 
certain  gramilar  eniplive  rocks,  as  noriie,  Lyperile.  gaUbro,  also  in  some  andtBiles  [hyper- 
tthtne-andteiU),  a  rock  recently  shown  to  uccur  nither  eiteusively  In  widely  teiHimied 
regions. 

It  occurs  nt  Isle  St.  Paul  ;  Labrador:  lu  Greenland;  at  Farsiiud  and  elsenliere  Id  Nor- 
way; Elfdaleii  ill  Sweil<!D:  Peaig  in  Saxony;  Itousberg  lu  Bohemia:  ibe  Tyrol;  Neurode 
Id  Sile-'in:  Boctenniai^,  Bavaria.  AmblgiUgiie  is  from  tbe  I.aarlier  See.  S^nboiU.  occurs 
with  pseudubrookite  and  Iridyniile,  in  cavities  in  the  nndestte  of  ibe  Aroiiyer  Berg.  Tnin- 
Bylviinia.  and  elsewhere. 

Occtim  in  llie  noritea  of  tbe  Cortlnndt  region  on  tbe  Hudson  rivei'.  N.  Y. ;  also  common 
with  iHlmidoHte  la  tbe  Adirondack  Archieao  region  of  northern  New  York  and  noKhward 
Id  Canada.  In  Ihe  liyperslheDe-andesltea  ot  3It.  SUasta.  California;  BuSalo  Peaks,  Colo- 
rado, and  other  points. 

llgperaihene  Is  named  from  vif4/>  and  irHeyoi,  very  ttrong,  or  tovgh, 

Babtitb,  or  ScHiLLBit  SfAR.  Ad  altered  enslailte  (or  lirouziie)  having  approxlmatelf 
tbe  composiliua  of  •erpeiiline.     It  occurs  in  foliated  form  iu  certain  gianutar  eruptive 


rocks  and  ii  cliaracterlzed  by  a  broDze-like  meWUoidal  luster  or  Bcbtller  on  tbe  cblef 
cleftTage-face  (A),  whiuli  "scbillerizniUiii"  ip.  I9U)  U  ut  liecoudury  urigin.  U.  =  3'9-4. 
0.=  3  5-3'7.  Ciilor  le«k*gr««ii  lo  olive-  and  pialncblo-greeu,  &ud  [liocbbeck- brown.  Pieo- 
cbruism  not  mnrki'd.  Optioilly  — .  Double  refraction  weak.  Ax.  pi.  |  a  (beoce  Dormsl 
to  IliM  of  tuatHiiie).  Bx  l  ft.  DEspei-aiou  u  >  d.  The  original  baatlle  was  from  Baate 
near  Hnrzburg  in  tlie  Hun:  also  fioni  Todlmnos  in  ibe  bcbnurzwalil. 

Peckhanite.  2(Mg,Fe)SiOi.(MK.Fe)BiO,      Occurt  in  roiiuded  undules  in  the  meteorite 
of  Ealberviile.  Eniuiet  Co.,  Iowa,  Mpiy  10,  ia78.     G.  =  3-a8,     Color  light  greeDisli  yellow. 


ptroxbne;. 

MonocUnic. 


fi.  MonoclinU!  Section. 


,xea  a:S'.i  =  10921 
.  110  a  liO  =  K°SO'. 

001  A  100  =  74°  10'. 
001  A  iOl  =  Bl°  W. 
OM  A  oil  =  59°  6'. 
031  A  021  =97°  ir. 
001  A  in  =33Mflr. 


^ 


1:0-5893;  7*  =  74°  10'. 
rt.  001  A  221  =  4B''  W. 
cm.  001  A  1 10  =  78'  9i'. 
«,  001  A  ill  =4V2'. 
««'.  Ill  A  lil  =  48°2B'. 

tr.  ill  A  ii!  =59°  11'. 

"  1  a3S1  =84°  11'. 
784. 


Twiiia:  t-v.  pi.  (1)  a,  con  tact- twine,  common  (Fig.  769),  aomotimes  poly- 
syntlictio.  {'i]  c,  as  twinning  liimellK  producing  stniitionsc.tin^.tilie.  Tertical 
faces  aii^i  pseii do- cleavage  or  parting  Q  c  (Fig.  770);  very  common,  often  eec- 
ojidnry.  (:!) ;/  (101)  oruciform-twins,  not  common  (Fig.  421,  p.. 130).  (4)  W 
(i'i'i)  the  vertic:i1  Hxes  crnEsing  at  angles  of  nearly  (10°;  sometimes  repeated  as 
a  six-rayed  star  (Fig.  4'.20,  p.  I3U).  Crystals  nsually  priBmatic  in  habit,  often 
fiiiort  and  tlm-k,  and  ciclier  u  square  prism  {a,  b  prominent),  or  nearly  square 
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\^  Vi^ 


(93°,  87°)  with  m  predominating;  sometimes  a  nearl;  symmetrical  8-sided 

firism  witli  a,  b,  m  (Fig.  770).     Often  coarsely  lamellar,  [  c  or  b.     Also  grann- 
ar,  coarse  or  fine;  rarely  fibrous  or  columnar. 

Cleavage:  m  sometimes  rather  perfect,  but  interrupted,  often  only  observed 
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in  thin  sections  J_  d  (Fig-  T71).  Parting  y  c,  due  to  twinning,  often  promi- 
nent, especially  in  large  crystals  and 
lamellar  magges  (Fig.  TTU);  also  ||  a  leas 
distinct  and  not  so  common.  Fracture 
uneven  to  conchoidal.  Brittle.  H.  = 
5-6.  Q.  =  3"^-3'6,  varying  with  the  com> 
■0-  1"^^  cilbt''^---^  .v.'s  "^  jn  position.  Luster  vitreous  inclining  to 
*^-^^  -\   y-Vv/""'        resinoHB;    often    liull;    sometimes   pearly 

■'  ' '      '-^        \  c  in  kinds  showing  parting.     Color  usu- 
ally green  of  various  dull  shades,  varying 

from   nearly  colorless,  white,  or  grayish 

white  to  brown  and  black;  rarely  bright 
green,  as  in  kinds  qontaining  chromium ;  also  blue.  Streak  white  to  gray  aud 
grayish  greun.     Transparent  to  opaque.     Pleocbroism  usually  weak,  even  i 


metimes   marked,  especially  in  violet-brown  kinds 


^rayisl 

dark-colored  varieties;  i 

containing  titanium. 

Optically  +.  Birefringence  strong,  {y  -  a)  =  0-02  -  0-03.  Ax.  ph  |  ft. 
Bx.  A  (^  —  c  A  ^  ^  +  36"  in  diopside,  to  -j-  52°  in  augite  (wh,  see),  or  cc  =  20* 
to  36°,  the  angle  in  general  increasing  with  amount  of  iron.  For  diopside 
from  Ala  (Dx):  3E,  =  111°  20'.  Also  (Flink)  for  white  diopside  from 
Nordmark  (2-49  p.  c.  PeO): 


+  38'  31' 


2V, 


S8'4W 
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Comp^  Tar. — For  the  most  part  a  normal  metaailicate,  RSiO>,  chiefly  of 
calcium  and  magnesium,  also  iron,  less 
often  manganese  and  zinc.  The  alkali 
metals  potassium  and  sodium  present 
rarely,  except  in  very  small  amount. 
Also  in  certain  varieties  containing  the 
trivalent  metals  aluminium,  ferric  iron, 
and  manganese.  These  last  varieties  may 
be  most  simply  considered  as  molecu- 
lar compounds  of  Ca{Mg,Fe)Si,0,  and 
(Mg,Fe)(Al,Fe)  SiO, ,  as  suggested  by 
Tschermak,  Chromium  ia  sometimes 
present  in  small  amount;  also  titanium 
replacing  silicon. 

The  name  Pyrozent  h  from  nCp.  fire,  and 
Kevoi,  ttTiinger.  and  records  UaDy's  ideii  that 
the  iiiliienil  was,  as  he  expresses  It.  "a  Htraoger 
In  Ihe  iliimnfu  of  Are."  wberean,  iu  faci,  ll  te,  dcH 
to  tlie  feUlsiiarB,  tlic  moat  UDfversal  conatituent 
of  iKDeous  rocks. 

The  varieiiuB  are  oumerous  BOd  depend  upon  vsriatloaa  In  composUion  chiefly;  tb« 
more  promineni  o(  the  VBrlei[es  properly  rank  a*  tub-species. 

I.  Containing  little  or  no  Aluminium. 

1.  DiOPSiDB.  Malacolite,  Alalite.  Calcium-magnesium  pyroxent.  For- 
mula CaMglSiO,),  =  Silica  55'6,'lime  25'9,  magnesia  18*5  =  100.  Color  whit*^ 
Jellowish,  grayish  wliite  to  pale  green,  and  finally  to  dark  green  and  newlj 
lack;  sometimes  transparent  aod  colorless,  also  rarely  a  fine  bine.     In  prit- 
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matic  crystals^  often  slender;  also  granular  and  columnar  to  lamellar  massive. 
G.  =  3*2-3-38.  Bx»  A  <5  =  +  36**  and  upwards,  v  —  a  =  003.  Iron  is  pres- 
ent usually  in  small  amount  as  noted  below^  and  the  amount  increases  as  it 
graduates  toward  true  hedenbergite. 

Tbe  following  belong  here:  Chrome-diopMe,  contains  chromium  (1  to  2*8  p.  c.  CraOi)^ 
often  a  bright  green. 

MalaeoUte,  as  originally  described,  was  a  pale-colored  translucent  variety  from  Sala,. 
Sweden. 

Al4tliU  occurs  in  broad  right-angled  prisms,  colorless  to  faint  greenish  or  clear  green,, 
from  the  Mussa  Alp  in  the  Ala  valley.  Piedmont. 

TraverseUite,  Irom  Traversella.  is  similar. 

Violan  is  a  tine  blue  diopside  from  St.  Marcel,  Piedmont,  Italy;  occurring  in  prismatic 
crystals  and  iinissive. 

Canaaniu  is  a  grayish-white  or  bluish-white  pyroxene  rock  occurring  with  dolomite  at 
Canaan,  Conu. 

Lavromte  U  a  pyroxene,  colored  green  by  vanadium,  from  the  neighborhood  of  Lake 
Buikul,  in  eastern  Siberia. 

Diopdde  is  named  from  6ii,  twice  or  double,  and  oi/fti,  appearance.  MalacolUe  is  from 
ftaXixKoi,  boft,  because  softer  than  feldspar,  with  which  it  was  associated. 

2.  Hedenbergite.  Calcium -iron  pyroxene.  Formula  CaFe(SiO,),  = 
Silica  48  4,  iron  protoxide  29  4,  lime  22  2  =  100.  Color  black.  In  crystals, 
and  also  lamellar  massive.  G.  =  3*5-3'58.  Bx^^  /^  (}  =  -|-  48°.  Manganese  ia 
present  in  manganhedenhergite  to  6  5  p.  c.     Color  grayish  green.     G.  =  3*55, 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  transitions 
conforming  to  the  formula  Ca(Mg,Fe)Si90«.  As  the  amount  of  iron  increases  the  color 
cluinges  from  light  to  dark  green  to  nearly  black,  the  specific  gravity  increases  from  8*2  ta 
3  6,  and  the  auLle  Bx»  A  h  also  from  86"  to  48^ 

The  following  are  varieties,  coming  under  these  two  sub-species,  based  in  part  upon 
structure,  in  part  on  peculiarities  of  composition. 

Salite  (Saliliie).  color  grayish  green  to  deep  green  and  black;  sometimes  grayish  and 
yellowish  white;  in  crystals;  also  lamellar  (|)arting  |  c)  and  granuliir  massive;  uom  Sala  in 
Sweden.  Baiknlite,  a  dark  dingy  green  variety,  in  crystals,  with  parting  |  c;  from  Lake 
Baikal,  in  Siberia. 

CoccoUte  is  a  granular  variehr,  embedded  in  calcite,  also  forming  loosely  coherent  to 
compact  aggregates;  color  vumng  from  white  to  pale  green  to  dark  green,^  and  then  con- 
taining considerable  iron;  the  fatter  the  original  ooccoliie.     Named  from  kokkoS,  a  grain. 

DiALLAOB.  A  lamellar  or  thin-foliated  pyroxene,  characterized  by  a  fine  lamellar 
structure  and  parting  I  a,  with  also  parting  |  b,  and  less  often  |  c.  Also  a  fibrous  struct ui*e 
I  6.  Twinning  |  a.  often  polysynthetic;  in terlami nation  with  an  orthorbombic  pyroxene 
common  (Figs.  755  and  756,  p.  386).  Color  gniyish  green  to  bright  grass-green,  and  deep 
green;  also  bn>wn.  Lunter  of  siirfac*e  a  often  pearly,  sometimes  metalloidal  or  exhibiting 
Schiller  and  resembling  bronzite,  from  the  presence  of  microscopic  inclusions  of  secondary 
origin.  Bx»  A  <^  =  +89  to  40';  ft  =  1981;  r  -  a  =  0-024.  H.  =  4;  G.  =  8-2-8-85.  In 
compositicm  near  diopside,  but  often  containing  alumina  and  sometimes  in  considerable 
amount,  then  properly  to  be  classed  with  the  augites.  Often  changed  to  amphibole,  see 
snmragdite.  p.  401,  and  uralite.  p  401.  Named  from  StaWoyf},  difference^  in  allusion  to 
the  dissimilar  planes  of  fracture.  This  is  the  characteristic  pyroxene  of  gabbro,  and  other 
related  rocks. 

Omphacite.  The  granular  to  foliated  pyroxenic  constituent  of  the  garnet-rock  called 
ecloi^ite.  often  interiaminated  with  amphiliole  (smaragdite);  color  grass-green.  Contains 
some  AlsOs. 

3.  ScHEFPERiTB.  A  manganese  pyroxene^  sometimes  also  containing  much 
iron.     Color  brown  to  black. 

!n  crystals,  sometimes  tabular  I  c,  also  with  p  (iOl)  prominent,  more  often  elongated  in 
thi  direction  of  the  zone  b :  p  (lOl),  rarely  prisma' ic,  |  h.  Twins,  with  a  as  tw.  pi.  very 
common.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct.  Color  yellowish 
brown  to  reddish  brown;  also  black  (iron-^ehrfferite).  Optically -4-.  BXftA^=c  A^  = 
44*  254'.  The  iron-schefferite  from  Pajsberg  is  black  in  color  and  baa  c  A  ^  =  +  49*  to 
59*  for  different  zones  in  tbe  same  orvstal.  The  brown  iron-schefferite  (urbanite)  from 
L&ugbau  has  c  A  ^  =  69*  S'.    It  resembles  garnet  in  appearance. 
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Jefertotiitt  ti  ft  mnngftnege-Eltic  pyroxeoe  from  Frnolilln  Purance,  N  3'.  (but  Ibe  zine 
mny  be  due  lo  iropurit;).  Id  large,  conne  crystnls  with  edges  rounded  snU  faces  uaeven. 
Color  greenish  black,  od  the  exposed  surface  chocolate-brono. 

II.  Aluminous. 

4,  AUQITE.  Aluminous  pyroxene.  Composition  chiefly  CaMg8i,0,  with 
^Mg,Fe)(  AI,Fe),SiO„  and  occusionally  also  containing  aliidlies  and  then  gradu- 
ating toward  (egirite.     Titanium  is  also  sometimee  present.     Here  belong: 

a.  Leucauoite,  Color  white  or  grayish.  Coutaias  alumina,  wiib  lime  aud  lUHgoesia. 
mid  liltle  or  do  iron.  Looks  like  Ulopside.  11.  =  So;  0,  =  319.  Niimetl  rrum  Aeuifot, 
while. 


green  crj'slals,  or  piitachii>- 

lOiiH  kinilij  of  diallage  also 

T^^out  Is  f rom  Ttvpfoa/ia, 


773. 


b.  Fasbaite.    Includes  tlie  pale  io<1ark.  eomeiimei  deep 

KEt;n  mid  tben   resembHng   epidcile   iFlg.  766).     The  alumi 
lung  here.     Named  from  Ibe  locality  in  ibe  FassalUul,  Tyrol, 

c.  AnaiTB.  Includes  tlic  greenish  or  brownish  black  aud  black  kinds,  occurring 
mostly  in  eruptive  r>cks.  It  is  iisiiiilly  iu  short  prismalic  (crystals.  Iliick  and  sloul,  or 
tabular  I  a:  oflen  twins  (Figs.  "67-T68).  Ferric  iron  is  here  prcst'nt,  iu  relatively  largo 
amoiiul,  and  the  anj;le  Bx,  a  4  becomes  +  50*  lo  52°.  fi  =  1717;  ^  -  «  =  0033.  TiO, 
1b  present  in  some  kind-,  wbich  are  then  plcochroic.     Named  from  avyj},  ItuUr. 

d.  Alkali- AUQITE.  Here  belong  VHrietiea  of  aiigite  cbnracierlzeil  liy  llie  presence  of 
alkalies,  osjieciully  soda;  they  approiimHlu  iu  omposi- 
tioQ  anil  optically  lo  ocmite  anil  Eegiriic  (Bx.  A  ^  =  60*. 
tig.  773),  and  ore  sometimes  called  sgirile-Hugile  [ef. 
Fig  776.  p.  392).  Known  chiedv  from  rocks  ricb  in 
ulknlivs,  as  elteoiile-syenile.  pbonollte,  leucitite,  etc. 

Pyt.,  etc. — Varjing  ividely,  owing  to  the  wide 
varl:Lti(ius  in  compositioii  In  the  ilitTerent  Tarielies.  and 
often  by  insensible  gradiitiotis,  Fusiliiliiy,  3'T3  in  diop- 
aide:  3-5  iu  salite,  buikidile,  nml  omphacitc;  3  in  jeffer- 
sonlte  and  oiizlte;  2'5  hi  hedeulH;rgile.  Varieties  ricb 
in  iron  afford  a  magnetic  globule  wlien  fused  OD  char> 
coal,  and  Iu  geuei-al  the  fusibility  varies  with  the 
amount  of  iron.  Many  vurielits  give  with  the  fluxei 
renctiuQS  for  manganese.  Most  varieties  are  iin&ct^ 
upon  by  acids. 

DiH  —  Cbiirncterized  by  monoclinic  crystal Hz&tioa 
and  tlie  prismatic  angle  of  87°  and  98°,  hence  yielding 
nearlv  square  prisms;  these  muy  be  mistaken  for  scapo- 
lite  If  terminal  faces  are  wanting  or  Indlsliuct  (but 
ituiuesceuce).  The  oblique  parting  (|  e.  Fig,  770)  often 
green  to  gray  and  brown  colors.  Aniphlbote  differs  In 
d  cleavnee,  and  iu  havlug  comuioa  columnar  to  librou* 
with  pyroxene.  See  also  p.  398. 
!>ck-forming  pyroxenes  are  distinguished  in  lliiii  sections  by  their  bigh 


''-.'^ 


scapoUte  fuses  easily  B.B.  with  ii 
distinctive,  also  the  eommoQ  dull 
prfsnmtic  angle  (55)°  aud  124)°) 
varieties,  which 
■    The 


relief;   usually  gieeulsh   to  olive  tones  of   color:   distinct   system  of  inier 
ruptcd  cleavage-cracks  crossing  one  another  at  nenrly  right  angle.^  iu  sections  774. 

J.  i  (Fig.  771);  high  bilerfereDCc-coIors;  general  hick  of  pleocbroism;  liirge 
exliuclion-aiigle,  35'to50"and  higher,  forsectionsi*  (OlOj.    The  last-named 
scciions  are  easily  recogni7«it  by  showing  Ibe   highest  interference  colors; 
yielding  uo  optical  figures  in  convergent  llgbi  and  Tiaviiig  parallel  cleavage-    | 
cracks,  the  latter  iu  ihe  direction  ot  the  vertical  axis.     8<-e  also  sgiritf.  p.  SlS. 

A  zonal  banding  is  common,  the  successive  lamlns  sometimes  differing  ' 
111  exiiiiction-angle  aud  pteochioisin;  also  the  hour-gliiss  struclnre  occasion-  I 
ally  distinct  (Fig.  774,  from  Lacroixi. 

Obs.— Pyroxene  Is  a  common  mineral  in  crystalline  llmesloue  aud  dolo-  ! 
mite,  in  serpentine  and  in  volcanic  rocka;  and  occurs  also,  but  less  abun- 
dantly. Iu  cunneclIoQ  with  grnnllic  rocks  nml  metamorpblc  schists:  sometimes 
fbrms  liirge  beds  or  veins,  especially  iu  Arcbeeau  rocks.  It  occurs  also  in 
riietenriies.  The  pyroxene  of  limestone  Is  mostly  while  and  light  green  or 
gray  in  color,  falling  under  diopiidi  (malacollte,  salile.  coccolite);    that   of   motit  Ottaeir 
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metamorphic  rocks  is  sometimes  wbile  or  colorless,  but  usually  green  of  different  shades, 
from  pule  greeu  to  greeuisb  black,  and  occasionally  black:  that  ot  serpeutine  is  sometimes 
in  fine  crystals,  but  often  of  the  foliated  green  kind  called  dicUlage;  that  of  eruptive  rocks 
is  usually  the  black  to  greenish  black  augite. 

In  limestone  the  associations  are  often  amphibole,  scapolite.  vesuviauite.  garnet,  ortho- 
clase,  titanite.  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  zircon, 
spinel,  rutile,  eic;  and  in  other  metamorpnic  rocks  mostly  the  same.  In  eruptive  rocks,  it 
may  be  in  distinct  eml)edded  crystals,  or  in  grains  without  external  crystalline  form;  it 
often  occurs  with  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (sani- 
dine),  labradorite.  leucite,  etc.;  also  with  a  rhombic  pyroxene,  amphibole,  etc. 

Pyroxene,  as  an  esseuiial  rock-making  mineral,  is  especially  common  in  basic  eruptive 
rocks.  Thus,  as  uugite,  with  a  triclinic  feldspar  (usually  labradorite).  magnetite,  often 
chrysolite,  in  biisidt,  basaltic  lavas  and  diabase;  in  andesite;  also  in  trachyte;  in  peridotite 
and  pikrite;  wiih  nephelite  in  phonolite.  Fuither  with  elseolite.  orthoclase,  etc.,  in 
elceolite-syenite  an;i  augile-syeuite;  also  as  diallage  in  gabbro;  in  many  peridotites  and  the 
serpentines  formed  from  them;  as  dioi)side  (malacolite)  in  crystalline  schists.  In  limburg- 
ite,  augitite  and  pyroxeuite,  pyroxene  is  present  as  the  prominent  constituent,  while  feld- 
spar is  absent;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals 

Diop^ide  (alalite,  mussite)  occurs  in  fine  crystals  on  the  Mussa  alp  in  the  Ala  valley  in 
Piedmont,  associated  with  garnets  (hessoiiite)  and  talc  in  veins  traversing  serpentine;  in 
fine  crystals  at  Traversella;  at  Zermatt  in  Switzerland;  Schwarzenslein  in  the  Zillerthal; 
Ober-Sulzbachthal  and  elsewhere  in  Tvrol  and  in  the  Salzburg  Alps;  Reichenstein;  Hez- 
banya,  Hungary;  Achmatovsk  in  the  Ural  with  atinandite,  clinochlore;  L.  Baikal  (haikalite) 
in  eastern  Siberia:  Pargns  in  Finland;  at  Nordmark,  Sweden. 

Iledenhergite  is  from  Tunaberg,  Sweden;  Arendal,  Norway.  Manganhedeubergite  from 
Vester  Si  If  berg;  scheffeHte  from  L&ngban,  Sweden. 

Augite  (incl.  fjissaite)  occurs  on  the  Pesmeda  alp,  Mt.  Monzoni,  and  elsewhere  in  the 
Fassathal,  as  a  contact  formation;  Traversella,  Piedmont;  the  Laaclier  Sec  and  theEifel; 
Sasbach  in  the  Kaiscrsiuhl:  Vesuvius,  while  rare,  green,  brown,  yellow  to  black;  Frnscati; 
Etna;  tlie  Azores  and  Cape  Verde  Islands;  the  Sandwich  Islands,  and  many  other  regions 
of  volcanic  rocUs. 

In  N.  America,  occurs  in  Maine,  at  Raymond  and  Rumford,  diopside,  salile,  etc.  In 
Vermont,  at  Thetford,  black  augite,  with  chrysolite,  in  bowlders  of  basalt.  In  Cb/jn.,  at 
Canaan,  white  cryst.,  often  externally  changed  to  tremolfte,  in  dolomite:  also  the  pyrox- 
enic  rock  called  c^tnannite  In  N.  York,  at  Warwick,  fine  cryst.;  in  Westchester  Co., 
while,  at  the  Sing  Sing  (juarries;  in  Orange  Co.,  in  Monroe,  at  Two  Ponds,  cryst.,  often 
large,  in  limestone:  near  Greenwood  furnace,  and  also  n»  ar  Edenville;  in  Lewis  Co  ,  at 
Diana,  white  and  black  cryst.:  in  St.  Lawrence  Co..  at  Fine,  in  large  cryst.;  at  De  Kalb, 
fine  diopside;  mIso  at  Gouverneur,  Rossie,  Russell,  Pitcairn;  at  Moriah,  coccolite.  in  lime- 
slone.  In  N.  Jersey,  Franklin  Furnace,  Sussex  Co.,  good  cryst.,  n,\so  jefferaontte.  In  Penn,, 
near  Atileboro',  cryst.  and  granular;  in  Pennsbury,  at  Burnett's  quarry,  diopside;  at  the 
Frencli  Creek  mines,  Chester  Co.,  chiefly  altered  to  fibrous  amphibole.  In  Tennessee,  at 
the  Ducktown  mines. 

In  Canada,  at  Calumet  I. .  grayish-green  cryst.  in  limestone:  in  Bathurst.  colorless  or 
while  ciyst. ;  at  Grenville,  dark  green  cryst,,  and  granular;  Burgess.  Lanark  Co.;  lienfrew 
Co.,  with  apan'te,  titanite.  etc.;  Orford,  Sherbrooke  Co.,  white  crystals,  also  of  a  chrome- 
green  color  with  chrome  garnet;  at  Hull  and  Wakefield,  white  crystals  with  nearly  color- 
less garnets,  honey-yellow  vesuvianile.  etc.  At  many  other  points  in  the  Archicau  of 
Quebec  and  Ontario,  especially  in  connection  with  the  apatite  deposits? 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecular  con- 
stitution wiiiiout  essential  change  of  composition,  i.e..  by  pnramorphism  (using  the 
word  nither  broadly),  may  restilt  in  the  formation  of  some  variety  of  amphibole.  Thus, 
the  whit(!  pyroxene  cry.stals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  lo  tremo- 
lite:  similarly  with  other  varieties  at  many  localities.  See  wra^tfe,  p.  401.  Also  changed 
to  sleatite.  serpentine,  etc. 

ACMITi:.      ^GIRITE. 

Monoclinic.     Axes:  a:h'.d  =  1-0996  :  1  :  0*6012;  ft  =  73^  U'. 

Twins:  tw.  pi.  a,  very  common ;  crystals  often  polysynthetic,  with 
enclosed  twinning  lamellse.  Crystals  long  prismatic,  vertically  striated  or 
channeled ;  actite  terminations  very  characteristic. 
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The  above  appllea  (o  ordloarj  aemiU.     For  agiriU,  CT^stels  pHimttlc.  bluntly  tenM- 
776.  776a.  uKred:   Iwiua  nol  codddod;  ulso  in  groups  or  tufU  of  alender 

Kdcular  lo  capillary  crystals,  nud  tu  fibrous  rorms. 

Cleavage:  vi  dietinct;  b  lees  so.  Fracture  uneven. 
Brittle.      H.  =  6-6'5.      G.  =  3-50-3-55  Bgr.      Lnster 

vitreoDH,  inclining  to  reeinotis.  Streak  pale  yellowish 
gray.  Color  brownish  or  reddiah  brown,  green:  in  the 
fractnre  blackiah  green.  Subtraneparent  to  opaqne. 
Optically  — .  Ax.  pi.  \  b.  Hx,  a<*— aAf'  =  +  i^" 
acmite,  to  6°  segirite.     fS^  =  1-S08;  y  —  a  =  0*052. 

Var.-^  I  Deludes  aemile  in  Hbarp-poioled  cryslnls  (Fig.  775) 
ofleii  twiuB.  Bi.  A  i  =  Bi°-6°.  Also  irgii-\U  (Fig.  I'aiH  in 
crystals  bluntly  lerniinated,  twins  mre,  Bit,  A  i  =  ^°-31°, 

Crystals  of  acniiio  ofiea   allow  a  mnrked  zonal  structure, 

on  tlie  exterior,  particularly'   \a,b.p  (101).  i  (III).     The  brown 

Ibe  green  (sgirile)  alrougly  pleocbroic.     Both  have 

I  a  ligbt  bruWD  with  tloge  of  green,  i  greeoiab  yellow 


Acmite.         ^gtrlte. 
green  wlibiu   aud  browD 


776. 


portiou  (aciiiiti:)  is  feebly  pleiielii 
abBorption  a>Ii>{,  but  the  former  b 
with  tinge  of  brown,  i  bruwiiiih 
yellow:  <be  latter  bas  b  deep  grass- 
green,  i  lii^bier  grass-green,  i  yel- 
lowUb  brown  to  yellowish. 

With  some  aulliora  (vom  Rath, 
etc.)  »=  1011)  nnd  a  a  i  =  -  3" 
lo  -  6',  as  in  Fig.  776o.  Fig.  T76 
shows  the  opticnl  oricutailon  ac- 
cordlug  lo  Br&gger. 

Conp.  —  Essentially    NaFe 
{SiO,),orNa,O.Fe.O,-  4SiO,=  **" 
Silica    53-0,   iron    seeqitioxide 
34-6,  soda  13-4  =  100.   Ferrous 
iron  is  also  present. 

Pjrr.,  ato.— B.B.  fuses  at  2  to  a 
lustrous  black  magnetic  globule, 
coloring  Ibe  finme  deep  yellow  ; 
with  the  fliixea  reacts  for  iron  aud  sometimes  mauganeae.     Slightly  acted  upon  by  actdl. 

Diff,— .£girite  is  characterized  In  lb<n  sectiuiia  by  Its  gmss-greeD  color;  strong  ple<^ 
chroism  in  tones  of  green  and  yellow;  the  small  eztinclloDnDgie  In  secliona  |  6  (010). 
Distinguished  from  common  green  boinbleode,  with  which  it  might  be  confounded,  by 
the  tvfX  that  in  such  aectionn  tbe  direction  of  extinction  lying  near  the  cleavage  la  tiega- 
tive  (a),  while  Ihu  same  din-clloo  In  hornlilende  is  positive  (t). 

Oba.— The  original  armite  occurs  at  Ruiidemyr,  east  of  Ibe  lilllc  lake  called  Rokeberg- 
tkjern,  in  Ibe  pansli  of  Efcer,  oeiir  EongHherg.  Norway,  in  n  pegmatite  vein;  it  Is  In  alen- 
der  crystals,  sometimes  a  font  long,  embedded  in  feldspar  and  quartz. 

..Kgiriln  occurs  especially  in  igneous  rocks  rich  In  ^odn  and  ccnialning  iron  :  tl'ua  in 
Kgirite-griinlCe,  nephelite-ayenite.  iind.some  vsriciies  nf  phoaoliti^:  often  in  such  cases 
troU'Orc  grains  nre  wanting  In  lh<^  rock,  tlielr  place  being  tnken  by  sgirite  crystals.  Id 
the  sub-variety  of  phonolile  called  tinpiaite.  the  rock  has  often  a  deep  greenish  color  due 
to  tbs  abundance.'  of  minute  crystals  of  nitrite.  Lar^e  crystals  nre  fouuil  in  the  peinnatite 
fiicies  of  ncplielite-syetiites  as  In  West  Greenland,  Southern  Norway,  tbe  peoiuaula  Eola 
In  Itusainn  Lapliind.  IMtroln  Trnnsylvaida. 

Pnimitient  American  occurrences  are  tlie  f<il!owing:  Miignet  Cove.  Arkaiitaa  (large 
crystals):  HonlrenI:  Salem,  Hnss  ;  Lilieriyville.  N.  J.  (dike):  Trims  Pecos  district  in 
Texas  (OsiiiiiO;  Black  Hills;  Cripple  Creek.  Colorado:  Beurpaw  Hts.  and  Jaililb  Mis. 
(PirssnnI,  and  the  Crazy  His.  (Wolff)  in  Hontnnii. 

Ai-mitt  is  named  from  aKur/,  point,  in  allusion  to  the  pointed  extremiUee  of  the  oyatali; 
.^giriU  Is  from  .£glr,  the  Icelandic  god  of  the  sea. 


SPODnHENB.    Triphane. 

Monoclinic.     Axes:  aih:&  =  1-1238  :  1  :  06355;  0  =  69°  40'. 
Twins:  tw.  pi.  a.    CrjEtals  prismatic  (mm'"  =  93° 0'),  often  flattened  |  o; 
the   vei'ticul   planes  striated   and  furrowed;    crystals  sometimes  very  large. 
Also  mussive,  cleuvable. 

Clenvftge:  m  perfect.  A  lamellar  strnctiire  Q  a  sometimes  Tery  prominent, 
It  crystal   then   separating   into  ■}77_  ^^g^  779^ 

ilitii  plates.  Ftactnie  uneven 
to  eiiuconchoidal.  Brittle.  H. 
=  «o-:.  G.  =  :i-13-3-2U.  Lus- 
ter viti-eous,  on  cleavage  sur- 
faces Bomewliat  pearly.  Color 
greenish  white,  grayish  white, 
yellowish  green,  emeruld-green, 
yellow,  amethystine  purple. 
Streak  white.  Transparent  to 
tranahicent.  Pleochroisin  strong 
in  deep  green  varieties.  Opti- 
cally -t-.  Ax.  pi.  j  b.  Bi.  A  i 
=  +  'iG"  Dx.,  =  24°  to  25^ 
Greim.  Dispersion  p  >  r,  hori- 
zontal    2H„  =  St"  bS\';  /?, 

UiddtniU  biis  ii  yellow- Rrei'ii  io  cmf  mld-greeu  color;  the  laller  Tariety  U  used  us  a  gem. 
Id  small  (i  Id.  Io  2  iiic^ies  lungi  ekuiler  pritimiulc  cryslals,  faces ofleu  eiclied. 

C«mp.-LiAHSiO,>,  or  Li,O.Al,0,.4SiO,  =  Silica  645,  alumina  274,  lithia 
8-4  =  lUO.  Generally  contains  a  little  sodium;  the  variety  biddenite  aIbo 
chromium,  to  whicli  the  color  may  be  due. 

Pyr.,  «tc.— -B.B.  becomes  while  aud  opnque.  swells  up.  Imparts  a  purple-red  color 
(lilhfci)  I"  tlie  flame,  au'l  fuses  al  85  lo  a  cleiir  or  white  glass.  Tbe  powdered  niloera!, 
fuseil  with  a  mix  ure  uf  poiassium  bisulpliale  and  fluorite  ou  plntiuum  wire,  gives  a  more 
iDleiixe  litliia  reaclion.     Nol  actcii  upon  by  Hclila. 

Diff  —  Cliiiracierizeii  by  its  |>erfect  ortbodlagoDal  parting  (in  some  varieties)  as  well  ■■ 
by  prlmiialic  cl  avage^  liiis  a  liiglior  specific  gmvily  and  more  pen rlj  luster  Ibao  feldapar 
or  sca)>olite,     Qives  a  reil  Oaiiie  B  B.     Less  fusible  than  amblygoiitie. 

Oba.— Qcciim  i>ti  the  island  xl  UtO  Sweden:  nt  Kllliney  Buy,  Iretand;  iu  small  tmu- 
parenl  crystiils  of  a  |iale  yi-llow  in  Bnizll,  pmvii         '  "'        "      - 


Norwicb,  Mass. 


=  1069; 


Hiddsnite. 
a  =  0-016. 


Hiddenlte. 


In  I 


t  Go-hen.  Mass.; 


te  of  Minns  Oernes. 


at  Peru,  wiih  beryl.  Iripbylile,  pcialile.  In  Conn.,  at  Ilnitichvilie.  the  crystals  often  of 
iiDineiise  size:  iipnr  Stony  Point,  Alexander  Co.,  N.  C,  Ihiddenitt):  in  South  Dakota  at  the 
Etta  liti  mine  in  Punniniiloii  Co. 

Tlie  mime  spiHlnmi-iie  is  from  <rfro3f<is,  ath-eolortd.  HiMeniU  is  nnmed  for  W.  K. 
tlid'IcQof  NewYork. 

Tbi-  s|>ndiimetie  ;it  Goshen  and  Cliesierfield  is  extfinsively  altered:  pseudomorplis  occur 
of  ryitiHlolili-  (un  intimnle  mixture  of  nlhi)e  nnd  muscovite  with  wavy  flhrous  slniclure  and 
silkj-  iu'.leri.  killiniie  (pioite).  musmvite,  albhe,  quartz,  and  of  "vein  gninile."  Similar 
alteralioii-products  occur  at  Brancfaville. 

JADEITZt. 

Monoclinic.  Axes,  see  p.  383.  Cleavage  and  optical  characters  like  pyrox- 
ene. Usually  massive,  with  crystalline  strncture,  sometimes  granular,  also 
obscurely  columnar,  fibrous  foliated  to  closely  compact. 

Cleavaee;  prismatic,  at  angles  of  about  93°  and  87°;  also  nrthodiagonal, 
difficult.  Fracture  splintery.  Extremely  tough.  H.  =  e-.V?.  G  =  3-33- 
3-35.     Lnster  subvitreous,  pearly  on  surfaces  of  cleavage.     Color  apple-green 
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to  nearly  emerald-green,  bluish  green,  leek-green,  greenish  white,  and  nearly 
white;  sometimes  white  with  spots  of  bright  green.  Optically  biaxial,  neg- 
ative. Bx^  A  i  =  30°  to  40%  211^  J  =  82°  48'.  Streak  uncolored.  Trans- 
lucent  to  subtranslucent. 

Comp. — Essentially  a  metasilicate  of  sodium  and  aluminium  corresponding 
to  spodumene,  NaAl(SiO,),  or  Na,O.Al,0,.4SiO,  =  Silica  59*4,  alumina  25*2, 
soda  15-4  =  100. 

Chloromelanite  is  a  dark  green  to  nearly  black  kind  of  jadeite  (hence  the  name),  contain- 
in  i^  iron  sesquioxide  and  not  conforming  exactly  to  the  above  formula. 

*  Pyr.,  etc.— B.B.  fuses  readily  to  a  transparent  blebby  glass.     Not  atUicked  by  acids 
after  fusion,  and  thus  diiferiug  from  saussurite. 

Obs. — Occurs  chiefly  in  eastern  Asia,  thus  in  the  Mogoung  dislr.  in  Upper  Burma,  in  a 
valley  25  miles  southwest  of  Mcinkhoom,  in  roiled  masses  in  a  reddish  clay;  in  Yungchang, 
province  of  Yunnan,  southern  China;  in  Thibet.  Much  uncertainty  prevails,  however,  as 
to  the  exact  localities,  since  jadeite  and  nephrite  have  usually  been  confounded  together. 
May  occur  also  on  the  American  continent,  in  Mexico  and  South  America  ;  perhaps  also  in 
Europe. 

Jndcite  has  long  been  highly  prized  in  the  Eivst,  especially  in  China,  where  it  is  v?orked 
into  ornaments  and  utensils  of  great  variety  and  beauty.  It  is  also  found  witli  the  relics  of 
early  man,  thus  in  the  remains  of  the  lake-dwellers  of  Switzerland,  at  various  points  in 
France,  in  Mexico,  Greece,  Egypt,  and  Asia  Minor. 

A  pyroxene,  resembling  jadeite  in  structure  and  consisting  of  the  molecules  of  jadeite, 
diopside,  and  acmite  in  nearly  equal  proportions,  occurs  at  the  manganese  mines  of  St. 
Marcel,  Italy  (Penfield). 

Jade  is  a  general  term  used  to  include  various  mineral  substances  of  tough  com)>act 
texture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  and  ornaments, 
and  still  highly  valued  in  the  East,  especially  in  China.  It  includes  properly  two  species 
only;  nephriU\  a  variety  of  amphibole  (p.  401),  thither  tremolfte  or  actinolite,  with 
G.  =  2'95-3  0.  aud^W«te,  of  the  pyroxene  group  and  in  composition  a  soda-spodumene, 
with  G.  =  3-3-3-35;  easily  fusible. 

The  jade  of  China  belongs  to  both  species,  so  also  that  of  the  Swiss  lake-habitations  and 
of  Mexico.  Of  the  two,  liowever,  the  former,  nephrite,  is  tiie  more  common  and  makes  the 
jade  (ax  stone  or  Punamu  stone)  of  the  Maoris  of  New  Zealand:  also  found  in  Alaska. 

The  name  jade  is  also  sometimes  loosely  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used — thus  sillimnnite,  pec- 
tolite,  serpentine;  also  vesuvianite,  garnet.  Bowenite  is  a  jade  like  variety  of  serpentine. 
The  "  jade  tenace  "  of  de  Saussure  is  now  called  saussurite. 


WOLLASTONITZ!.     Tabular  Spar.     Tafelspath  Germ. 
Monoclinic.     Axes  a:1)  \t=  1  0531  :  1  :  ()-9G76;  ft  =  84°  30'. 
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110  A  liO  =  92**  42'. 
540  A  540  =  79*  58'. 
Oil  A  Oil  =  87**  oV. 
001  A  101  =  40**  3*. 
001  A  301  =  74'  59'. 
001  A  101  =  45'  5'. 


San  tori  n. 


Twins:  tw.  pi.  (r.  Crys- 
tals coinmonlv  tabular  |  a 


or  c,  also  short  prismatic. 
Usually  cleavable  massive  to  fibrous,  fibers  parallel  or  reticulated;  also  com- 
pact. 

Cleavage:  a  perfect;  also  c:  t  (lOl)  less  so.  Fracture  uneven.  Brittle. 
H.  =  45-5.  G.  =  2*8-2 -9.  Luster  vitreous,  on  cleavage  surfaces  pearly. 
Color  white,  inclining  to  grav,  yellow,  red,  or  brown.  Streak  white.  Sub- 
transparent  to  translucent.     Optically  — .     Bx^  A  ^'^  =  +  37°  40'.     Dispersion 
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p  >  V  weak;    inclined  strong.     Ax.  pi.  ||  b.      2Er  =  70''   40';    /?  =  1*633; 
y  -  a  =  0-014. 

Comp.— Calcium  metasilicate,  CaSiO,  or  CaO.SiO,  =  Silica  51*7,  lime  48*3, 
=  100. 

Pyr.,  etc. — Iti  the  matrass  no  change.  B.B.  fuses  easily  on  the  edges;  with  some  soda, 
a  blebby  ghiss;  with  more,  swells  up  and  is  infusible.  With  hydrochloric  acid  decom- 
posed with  separation  of  silica;  most  varieties  effervesce  slightly  from  the  presence  of  cal- 
cite.     Often  phosphoresces. 

Obs. — Wollustonite  is  found  especially  in  granular  limestone,  and  in  regions  of  granite, 
as  a  contact  formation;  also  in  ejected  masses  in  connection  with  basalt  and  lavas.  It  is 
often  associated  with  a  lime  gtirnet.  diopside,  etc. 

Occurs  in  the  copper  mines  of  Cziklowa  in  the  Bannt;  at  Orawitza;  at  Dognaczkaand 
Nagyag;  nt  Pargas  in  Finland;  nt  Harzburg  in  the  Harz;  at  Auerbach,  in  granular  lime- 
stone; Ht  Vesuvius,  rarely  in  line  crystals;  on  Elba;  on  Santorin. 

In  the  U.  8.,  in  N.  York,  at  Willsborough;  Diana,  Lewis  Co.;  Bonaparte  Lake,  Lewis 
Co.  In  Penn,,  Bucks  Co..  8  ro.  w.  of  Aitleboro*.  In  Canada,  at  Grenville;  at  St.  J^r6npe 
and  Morin,  Quebec,  with  apatite. 

Named  after  the  English  chemist,  W.  U.  Wollaston  (1766-1828). 

PEOTOIilTE. 

Monoclinic.     Axes:  d  :  S  :  <J  -  1-1140  :  1  :  0*9864;  /5  =  84°  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  ||  i,  but 
ra];ely  terminated.     Fibrous  massive,  radiated  to  stellate. 

Cleavage:  a  perfect;  c  also  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2-68-2*78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous.  Color 
whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  +•  Ax.  pi.  and 
Bx^_L6;  Bxo  nearly  JL  a;  2Ho  =  143M45^ 

Comp.,  YAn— HNaCa,iSiO,),  or  H,O.Na,0.4Ca0.6SiO,  =  Silica  54*2,  lime 
33-8,  soda  9*3,  water  2-7  =  100. 

Pectolite  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

Pyr..  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  wliite  enamel.  De» 
composed  in  part  by  hydrochloric  acid  with  separation  of  silica  as  a  jelly.  Often  gives  out 
light  when  broken  in  the  dark. 

Obs.— Occurs  mostly  in  basic  eruptive  rocks,  in  cavities  or  seams;  occasionally  in 
metamorphic  rocks.  Found  in  Scotland  near  Edinburgh;  at  Kilsyth,  Corstorphine  Hill 
{walkeritey,  I.  Skye.  Also  at  Mt.  Baldo  and  Mt.  Monzoniin  the  Tyrol;  at  Niederkirchen, 
Bavaria  {osvielUe). 

Occurs  also  at  Bergen  Hill  and  Paterson.  K.  J.;  Lehigh  Co.,  Penn.;  compact  at  Isle 
Roynle,  L.  Su])erior;  at  Magnet  Cove,  Ark.,  in  elseolite-syeniie  {mangavpectolite  with  4  p.  c* 
MnO);  compact,  massive  in  Alaska,  where  used,  like  jade,  for  implements. 

Rosanbnschite.     Near  pectolite,  but  contains  zirconium.     From  Norway. 

Wdhlerite  A  zirconium-silicate  and  niobate  of  Ca,  Na,  etc.  In  prismatic,  tabular 
crystals,  yellow  to  brown.  Occurs  in  elceolite-syenite,  on  several  islands  of  the  Langesund 
fiord,  near  Brevik,  in  Norwav. 

Lavenite.  A  complex  zirconium-silicate  of  Mn,  Ca,  etc.,  containing  also  F,  Ti,  Ta, 
etc.  In  yellow  to  brown  prismatic  crystals.  Found  on  the  island  L&ven  In  the  Langesund 
fiord,  soiithern  Norway;  also  elsewhere  in  eloeolite-syenite. 

y.  Triclinic  Section. 
RHODONITE. 

Triclinic.  Axes  d\l:i=^  1*07285  :  1  :  0-6213;  a  =  103"  18';  /?  =  108*» 
44';  y  =  81°  39'. 

Crystals  usually  larpre  and  rough  with  rounded  edges.  Commonly  tabular 
II  c\  sometimes  resembling:  pyroxene  in  habit.-  Commonly  massive^  cleavable 
to  compact;  also  in  embedded  grains. 
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Cleavage:  m,  ^perfect;  c  less  perfect.  Fracture  conchoidal  to  uneyen; 
very  tough  when  compact.  H.  =  5'5-6'5.  Q.  =  ii •4-3*68.  Luster  vitreous; 
on  cleavage-surfaces  somewhat  pearly.  Color  li^ht  hrownish  red,  flesh-red, 
rose-pink;  sometimes  ^eenish  or  yellowish,  when  impure;  often  hlack  outside 
from  exposure.     Streak  white.     Transparent  to  translucent. 

Comp.,  Tar. — Manganese  metasilicate,  MnSiO,  or  MnO.SiO,  =  Silica  45*9, 
manganese  protoxide  54*1  =  100.  Iron,  calcium  (in  bustamite),  and  occasioii' 
ally  zinc  {in  fofolerite)  replace  part  of  the  manganese. 
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94*  26'. 

mM,   110  A  liO  =  92*  28,' 

72'  86J'. 

en,     001  A  221  =  73*  52'. 

78*  42J'. 

ek,     001  A  221  =  62*  28'. 

48' 83'. 

kn,    221  A  221  =  86"  6'. 

Frankliu  Furnace,  K.  J. 

ab,  100  A  010  • 
ae,  100  A  001  : 
be,  010  A  001  ; 
am,  100  A  HO  : 

Pjrr.,  etc. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2 '6;  with  the  fluxas 
ffires  reactions  for  manganese;  fowlerite  gives  wi£  soda  on  charcoal  a  reaction  for  zinc. 
Slightly  ticted  upon  by  acids.  The  calcirerous  varieties  often  effervesce  from  mechanical 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and 
the  insoluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  some- 
times becomes  nearly  black. 

Di£L — Characterized  by  its  pink  color;  distinct  cleavages;  fusibility  and  manganeie 
reactions  B.B. 

Oba.— Occurs  at  L&ngban,  Wermland,  Sweden,  in  iron-ore  beds,  in  broad  cleavage- 
plates,  and  also  granular  massive;  at  the  Pajsberg  iron  mines  near  Filipetad  (paiiberffUe) 
sometimes  in  small  brilliant  crystals;  in  the  district  of  Ekaterinburg  in  the  Ural  massive 
like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrahedrite  at  Kapnik 
and  Rezb^nya.  Hungary;  St.  Marcel,  Piedmont;  Mexico  (buMtamits,  containing  CaO). 

Occurs  in  Cummuieton,  Mass.;  on  Osgood's  farm.  Blue  Hill  Bay,  Maine;  fmUerUe (poU' 
taining  ZuO)  at  Mine  Hill.  Franklin  Furnace,  and  Sterling  Hill,  near  Ogdeusburgh,  N.  J., 
usually  embedded  in  cnlcite  and  sometimes  in  fine  crystals. 

Named  from  poSor,  a  rote,  in  allusion  to  the  color. 

Rhodonite  Is  often  altered  chiefly  by  oxidation  of  the  MnO  ^as  in  mareeline,  dfyjitntfo); 
also  by  hydration  {siratapeite,  neotocUe,  etc.);  further  by  introauction  of  COi  {aUagtie, 
photieite,  etc  ). 

Babingtonite.  (Ca.Fe.Mn)SiOs  with  Fei(SiOt)t.  In  small  black  triclinic  crystals,  near 
rhodonite  in  angle  (axes  on  p.  888).  H.  =  5-5-6.  G.  =  3-85-3'37.  From  Arendal,  Nor- 
way;  at  Herbornseelbach.  Nassau;  at  Baveuo,  Italy. 

Hiortdahlite.  Essentially  (Na«,Ca)iSi.Zr)Os,  with  also  fluorine.  In  pale  yellow  tab- 
ular crystals  (triclinic).  Occurs  sparingly  on  an  island  in  the  Langesuad  fiord,  soutlwrQ 
Norway. 
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Sm  Aniphibole  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 

Coinposition  for  the  moet  mrt  that  of  a  nietasilicate,  KSiO,,  with  R  = 
Ga,Mg,Fe  chiefly,  also  Mn^a,(Kj9H,.  Further  often  containiug  alaniiniam 
and  ferric  iron,  in  part  with  idkanes  as  NaAl(SiO J,  or  NaFe(SiO,), ;  perhaps 

also  containing  KB,SiO,. 

€L  Orthorhatmbic  SeeUon. 

ill 
AnthophyUite  (Mg,Fe)SiO,  0*5138 : 1 

Gedrite  (Mg,Fe)SiO,  with  (Mg,Fe)Al,SiO, 

p.  Monociinic  Section^ 
Amphibole  0-5511  : 1 ':  0*2938        TS**  58' 

I.   NONALUMINOUS  VABIETIXa, 

1.  Tremolitb  CaMg,(SiO,), 

2.  AcTiNOLiTE  Ca(Mg,Fe),(SiO,)^ 

Nephrite,  Asbestus^Smaragdite,  etc. 
Cammingtonite        (Fe,Mg)SiO, 
Dannemorite  (Fe,Mn,Mg)SiO, 

Grunerite  FeSiO, 

3.  RiCHTERiTE  (K„Na,Mg,Ca,Mn),(SiO,), 
11.  Aluminous  VARimRs. 

4.  Hornblende 

ParSte  and  \  ^^'""^^  Ca(Mg.Fe).(SiO.).  with 

6oE?Homblende  \  Na.Al,(SiO.).  and  (Mg,Fe).(Al,Fe).Si.O.. 

eUveophane  NaAl(SiO,),.(Fe,Mg)SiO. 

iilii  fi 

Biebeekite  2NaFe(SiO.),.FeSiO, 0-5476  :  1  :  02925  =  76**  Vf 

CrocidoUte  NaFe(SiO,),.FeSiO, 

ArfVedsonite  Na,(Ca,Mg).(Fe,Mn),.(Al,Fe),Si„0,, 

0-6509  :  1  :  02378  =  73*    V 

y,  Tridinie  Section. 

The  only  species  included  nnder  the  triclinic  section  is  the  rare  and  im» 
perfectly  known  senigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  nnmber  of  species  which,  while  falling 
in  different  systems,  are  yet  closely  related  in  form — as  shown  in  the  common 
prismatic  cleavage  of  54**  to  56° — also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  383),  the  species  of  this  group  form  chem- 
ically a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  othcgr  characters. 
The  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
species,  and  those  known  show  less  variety  in  form. 
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The  chief  disiincHons  between  [)yroxeDe  and  amphibo'ie  proper  are  the  followiDg : 

Prismatic  angle  with  pyroxene  87**  uud  93**;  with  aniphibule  56**  and  1^**;  the  prismatic 
cleavage  being  much  more  distinct  in  the  latter 

With  pyroxene,  crystals  usually  short  prismatic  nnd  often  complex,  structure  of  massive 
kinds  mostly  lamellar  or  granular  ;  with  amphibole,  crystals  chietly  long  prismatic  and 
simple,  columnar  and  fibrous  massive  kinds  the  rule. 

The  specitic  gravity  of  most  of  the  pyroxene  varieties  is  higher  than  of  the  like  varieties 
of  amphibole.  In  composition  of  corresponding  kinds,  magnesium  is  present  in  larger 
amount  in  amphibole  (Oa  :  Mg  =  1:1  in  dioi)side.  =  1  :3m  tremolite) ;  alkalies  more 
fi'equently  play  a  prominent  part  in  amphibole. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regards 
the  position  of  the  ether-axes,  is  exhibited  by  the  following  figures  (Cross); 
compare  Fig.  751,  p.  384,  for  a  similar  representation  for  the  corresponding 
members  of  the  pyroxene  group. 

786. 
L  IL  IIL  IV.  V.  VI. 
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■a  -ts 


I.  Anthophyllite.        II.  Glaucophane.      III.  Tremolite,  etc.      IV.  Horobleode. 

V.  Arfvedsonite.       VI.  Riebeckite. 


a.  Orthorhonibic  Section. 
ANTHOPHTLLITB. 

Orthorhombic.  Axial  ratio  a  :  i  =  0*5137  :  1.  Crystals  rare,  habit  prie- 
matic  {mm'"  =  54°  23).  Commonly  lamellar,  or  fibrous  massive;  fibers  often 
very  slender;  in  aggregations  of  prisms. 

Cleavage:  prismatic, perfect;  6 less  so;  a  sometimes  distinct.  H.  =  5*5-6. 
G.,=  3*l-3'2.  Luster  vitreous,  somewhat  pearly  on  the  cleavage-face.  Color 
brownish  gray,  yellowish  brown,  clove-brown,  brownish  green,  emerald -green^ 
sometimes  metalloidal.  Streak  uncolored  or  grayish.  Transparent  to  sub- 
translucent.  Sometimes  pleochroic.  Usually  optically  -f ;  also  +  for  red, 
—  for  yellow,  green.  Ax.  pi.  always  ||  b.  l^x^  usually  J_  c\  also  J_  c  for  red,  X  « 
(or  yellow,  green.    Axial  angle  large,     p  —  1*642  \  y  —  a  =i  o  024. 

Comp.,  Var. — (Mg,Fe)Si03,  corresponding  to  eni>tatite-bronzite-hyper6thene 
in  the  pyroxene  group.  Aluminium  is  sometimes  present  in  considerable 
amount.  There  is  the  same  relation  in  optical  character  between  anthophyl- 
lite (+)  and  gedrite  (  — )  as  between  enstatite  and  hypersthene  (cf.  Figs.  763, 
754,  p.  385). 

Var.— Anthophyllite,  Mg  :  Fe  =  4  :  1,  3  :  1.  etc.  For  8:1,  the  percentage  composi. 
tion  U:  Silica  55 -6,  iroil  protoxide  16-6,  magnesia  27*8  =  100.  Aiitbopbyllite  some- 
times  occurs  in  forms  resembling  asbestns. 

Aluminous,  Gedrite.  Iron  is  present  in  larger  amount,  and  also  aluminium;  it  hence 
corresponds  nearly  to  a  hypersthene.  some  varieties  of  which  are  highly  aluminous. 

Hydrous  anthaphyllites  have  l)een  repeatedly  described,  but  in  most  cases  they  have  been 
shown  to  be  hydnited  monoclinic  amphiboles. 

Pyr,  ate.— sB  B.  fuses  with  difficulty  to  a  black  magnetic  enamel ;  with  the  fluxes  gives 
i^fictions  for  iron;  unacted  upon  by  acids. 

Obs —Anthophyllite occurs  in  mica  schist  near  Kongsberg  in  Norway}  ^t.  Hermapn- 
Bchlag,  Moravia.   In  the  U.  S.,  at  the  Jenks  corundum  mine,  FrankliL,  Macon  Co.,  K.  C. 


Tbe  origioil  gediiu  is  (rem  llie  wlley  of  Hens,  uear  GMreai,  Fimm.    Nkmed  from  anlAo- 
phyUum,  time,  in  ntlaaluD  to  tbe  clove- browD  colur. 

fl.  Monoelinie  Section- 
AMPHmOLB.        Horobleoile. 

Monoelinie.    Axes  a -.1:6  =  0-5511 :  1 :  0-2938;  /?  =  73"  58'. 
miTt".  UO  A  Ii0  =  SS-W.  rr-.Oll  a  Oil  =  81' 88*. 

at,        001  A  100  =  73*  Sff.  ii,  081  A  Cftl  =  SO"  82'. 

151,         001  A  iOl  =  31-  0".  pr,  iOl  a  Oil  =  84*  25'. 

Twins:  (1)  tw.  pi.  a,  common  as  contact*  twins;  rarely  poly  synthetic  (2) 
c,  BB  tw.  lamellie,  occasianally  producing  a  parting  analogous  to  that  more 
common  with  pyroxene  (Fig.  430,  p.  131).  Crystals  commonly  prismatic; 
usually  terminated  by  the  tow  clinodome,  r  (OIL),  sometimes  by  r  and  p  (lOl) 
equally  developed  and  then  suggesting  rhombohedral  forms  (as  of  tonrmaline). 
786.  788.  789.  79a 
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Also  columnar  or  fibrous,  coarse  or  fine,  fibers  often  like  flax;  rarely  lamellar; 
also  granular  massive,  coarse  or  fine,  and  usually  strongly  coherent,  but  some- 
times friable. 

Cleavage:  m  highly  perfect;  a,  b  sometimes  distinct.  Fracture  Bubcon- 
choidal,  uneven.  Brittle.  H.  =  5-6.  G.  =  2'9-3-4,  varying  with  the  com- 
position. Luster  vitreons  to  pearly  on  ct eav age- faces ;  fibrous  varieties  often 
silky.  Color  between  black  and  white,  through  various  slmdes  of  green,  inclin- 
ing to  blackish  green;  also  dark  brown;  rarely  yellow,  pink,  rose-red.  Streak 
uncolored,  or  pater  than  color.  Sometimes  nearly  transparent;  usually  sub- 
trannhicent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  as  described 
beyond.  Absorption  usually  c  >  b  >  a.  Optically  — ,  rarely  -f.  Ax.  pi,  |  h. 
Extinction-angle  on  S,  or  c  A  (*  =  -I-  15°  to  18°  in  most  cases,  but  varying  from 
about  1"  up  to  37°;  hence  also  Bx,  A  f!  =  —  75°  to  —  Ti°,  etc.  See  Fig. 
791.     Dispersion  p  <  v.     Axial  angles  variable;  see  beyond. 

Comp.,  Tar. — In  part  a  normal  metasiltcate  of  calcium  and  magnesium, 
KSiOi,  usually  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes.  The  alkali  metals,  sodium  and  potassium,  also  present,  and  mora 
commonly  so  than  with  pyroxene.  Jn  part  also  aluminous,  corresponding  to 
the  aluminous  pyroxenes.  Titanium  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 

Tbe  uliimlnhim  ia  fn  part  present  ns  NaAllSiO,),,  but  mnny  nrnphiboles  conlalnln^ 
aluminium  or  ferric  iron  nre  more  basic  than  n  Dormikl  metasllicale;  tbey  mny  lometlines  lie 
eiplaincd  us  canialnia;  R(Al,F«)taiQ(,  but  the  exact  nature  of  the  compound  is  ofieir 
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doubtful.    The  amphibole  formulas  are  iu  many  cases  double  the  correspoodiug  onas  for 

pyroxene.    Thus,  for  most  tremoliie  and  actmolile,  Cu ;  Mg(Fe)  =  1:8,  and  hence  tremo* 

lite  is  CaMg.Si40i,,  while  diopside  is  CaMgSi.O,.  etc. 

Rammelst)erg  has  ^howu  that  the  composition  of  most  aluminous  umphiboles  may  be 

expressed  in  tlie  general  form  f/ftR8iOa.»Al«Ot;  while  Scharizer,  modifying  this  Tiew, 

proposes  to  regard  the  amphiboles  tis  molecular  compounds  of  Ca(Mg,Fe;aSi«Ois  (actino- 

I     II    in 

lite),  nnd  the  orthosilicate  (Rt.H)sK98itOis.  for  which  he  uses  Breithaupt's  name  tffntag^ 
matUe,  originally  given  to  the  Vesuvian  hornblende. 

791.  791a. 
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The  crvstallographic  position  here  adopted  is  that  suggested  by  Tschermak,  which  beft 
exhibits  the  relation  between  amphibole  and  pyroxene.  Some  authors  retiiln  the  former 
position,  according  to  which  p  =  (001),  r  =  (111),  etc.  Fig.  791a  shows  the  corresponding 
optical  orientation. 

L  Containing  little  or  no  Aluminium. 

1.  Tbemolite.  Orammatite,  nephrite  pt.  Calcium-magnesium  amphiboUm 
Formula  CaMg,(SiO,),  =  Silica  57-7,  magnesia  28*9,  lime  13*4  =  100.  Ferrous 
iron,  replacing  the  magnesium,  present  only  sparingly,  up  to  3  p.  c.  Colors 
white  to  dark  gray.  In  distinct  crystals,  either  long-bladed  or  short  and  stout. 
In  aggregates  long  and  thin  columnar,  or  fibrous;  also  compact  granular  mas- 
sive (nephrite,  p.  401).  O.  =  2  9-3*1.  Sometimes  transparent  and  colorless. 
Optically  — .  Extinction-angle  on  d,  or  c  A  <J  =  +  16°  to  18°,  hence  BX|^  A  ^ 
=  -  74*  to  -  72°.    2 Vy  =  80^  to  88°.     fij  =  1621 ;  ^  -  «  =  0  027. 

Tremolite  was  named  hy  Pini  from  the  Tremola  valley  on  the  south  side  of  the  8t 
Gothard. 

2.  AcTiNOLiTE.  Strahlstein  Oerm,  Calcium-magnesium-iron  amphibole. 
Formula  Ca(Mg,Fe),(SiO,)».  Color  bright  green  and  grayish  green.  In  crystals, 
either  short-  or  long-bladed,  as  in  tremolite;  columnar  or  fibrous;  granular 
massive.  G.  =  3-3*2.  Sometipies  transparent.  The  variety  in  long  bright* 
green  crystals  is  called  glassy  actinolite;  the  crystals  break  easily  across  tho 
prism.  The  fibrous  and  radiated  kinds  are  often  called  asbestiform  aeiinoliie 
and  radiated  actinolite,  Actinolite  owes  its  green  color  to  the  ferrous  iron 
present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  henoo 
the  color  becomes  darker:  c  emerald-^preen,  b  yellow-green,  a  greenish  ydlow. 


SILICATKS.  401 

Absorption  c  >  b  >  a  Zillerthal,  Tschermak.  Optically  — .  Extinction-angle 
on  J,  c  A  <^  =  +  15**  and  Bx.  A  <J  =  -  75^  2Vy  =  80";  p  <  v;  fij  =  1-627; 
y  —  a  =  0-025. 

Named  actinolile  from  dicrir,  a  ray,  and  XAoi,  stone,  a  trauslation  of  the  German 
SiraAistein  or  radiated  stone.    Name  changed  to  actinote  bj  Ha&y,  without  reason. 

Nkfhbitb.  Jade  pL  A  tough,  compact,  fine-grained  frcmolite  (or  aciiuoliteK  breaking 
with  a  splintery  fracture  and  glistening  luster.  H.  =  6-6  5.  G.  =  2*96-8*1.  Named  from 
a  suppoeed  efficacy  in  diseases  of  the  kidney,  from  r€0p6i,  kidney.  It  varies  in  color  from 
white  itremoliie)  to  dark  green  (actinolite),  in  the  latter  iron  protoxide  lieing  present  up  to 
6  or  7  p.  c.  The  latter  kind  sometimes  encloses  distinct  prismatic  crystate  of  actinoUte.  A 
derivation  from  an  original  pyroxenic  mineral  has  been  suggested  in  some  ciises.  Nephrite 
or  jaile  was  brought  iu  the  form  of  carved  ornaments  from  Mexico  or  Ptera  soon  after  the 
discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zealand  and  Alaska 
See  jadeite.  p.  393;  jade,  p.  391. 

AsBKSTCS.  Asbestos.  Asbest  Oerm.  Tremolite,  aclinolite,  and  other  varieties  of 
amphibole,  excepting  those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers 
of  which  are  sometimes  very  long.  fine,  flexible,  and  easily  separable  by  the  fingers,  and 
look  like  flax.  These  kinds  are  called  aebeeiue  (fr.  the  Gieek  for  ineombttetible).  The  colors 
vary  from  white  to  greeu  and  wood*brown.  The  name  amianthus  is  applied  usually  to  the 
finer  and  more  silky  kinds.  Much  that  is  popularly  called  asbestus  is  eltrysotUe,  or  fibroin 
serpentine,  containing  12  to  14  d.  c.  of  water.    Bifssoltle  is  a  stiff  fi'l)rou8  variety. 

Mountain  leather  is  in  thin  flexible  sheets,  made  of  interlaced  fibers;  and  mouniam  cork 
the  same  in  thicker  pieces:  both  are  so  light  as  to  float  on  water,  and  they  are  often  hydrous, 
color  white  to  gray  or  yellowish.  Mountain  trootf  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  dry  wood. 

8m ARAODiTB.  A  thiu-foliatetl  variety  of  amphibole.  near  nctinolite  in  composition  but 
carnring  some  alumina.  It  has  a  light  grass-green  color,  resembling  much  comn  on  green 
diallage.  In  many  cases  derived  from  pyroxene  (diallage)  by  uralitizatiou.  see  below.  It 
retains  much  of  the  structure  of  the  diallage  and  also  often  encloees  rtmnants  of  the  original 
mineral.  It  forms,  along  with  whitish  or  greenish  saussurite,  a  rock  called  raussurite- 
gabbro.  the  euphoiide  of  the  Alps.  The  original  mineral  is  from  Corsica,  and  the  rock  is 
the  verde  di  Corsica  duro  of  the  artai 

Uralitb.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  letain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  I'he  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregation  of  sleniier 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  pt>rent  pyroxene  (cf.  Fig. 
760.  p.  386).  When  the  change  is  complete  the  entire  crystal  is  made  up  of  a  bundle  of 
amphibole  nee<11es  or  fibers.  The  color  varies  from  white  (tremolite)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  actiuolite, 
as  sJso  iu  optical  characters.  The  most  pn>minent  change  in  composition  in  psssiug  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  spe<  ies 
in  general,  that  is.  an  increase  in  the  magnesium  and  decrease  in  calcium.  The  change, 
therefore,  is  not  strictly  a  case  of  paramorphism.  although  usually  so  designated.  Uraflte 
was  originally  described  by  Rose  iu  a  rock  from  the  Ural.  It  has  since  been  observe  d  from 
many  localities.  The  microscopic  study  of  rocks  has  shown  the  process  of  "  uralitization  " 
to  be  very  common,  and  some  authors  regard  many  homblendic  rocks  and  schists  to  repre- 
sent altered  pyroxenic  rocks  on  a  large  scale. 

CumcniGTOifiTK.  Amphibole- An thophyllite.  Iron- Magnesium  AmpfiiboU.  Here 
belong  certain  varieties  of  amphibole  resembling  anthophytlite  and  essentially  identical  with 
it  in  composition,  but  optically  monoclinic.  From  Eongsberg;  Gieenlaud.  The  original 
eummingtonite  is  gray  to  brown  in  color;  usually  fibrous  or  libro-lamellar,  often  radiated. 
O.  =  3  i-3'32;  from  Cummington,  Mass. 

Dannemoritr.  Jron- Manganese  Amphibole,  Color  yellowish  brown  to  greenish  ffray. 
Columnar  or  fibrous,  like  tremolite  and  asbestus.  Contains  iron  and  manganese.  From 
Sweden. 

GrCiteritb.  Iron- Amphibole  Ai^bestiform  or  lamellar-fibrous.  Luster  silky;  color 
brown;  G.  =  3-713.     Formula  FeSIOt. 

3.  RicHTERiTB.    Sodium- Mag^iesium- Manganese  Amphibole.    (Ki,Na„Mg, 

Oa,Mn),(SiO.),. 

In  elongated  crystals,  seldom  terminated.  G.  =  S'M.  Color  brown,  yellow,  rosered. 
Transparent  to  translucent,  c  A  ^  =  -f  n'-20';  /Jy  =  1  -68;  x  -  «  =  0024.  From  Pais- 
berg  and  L&ngban.  Sweden.  Characterized  by  the  presence  of  manganeae  and  alkalies  in 
relatively  large  amount. 
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II.    AlumiltOtiS. 


4.  Alcminous  Amphibole.  Hornblende.  CoiitainB  alumina  or  ferric 
iron,  and  iistially  both,  with  ferrouB  iron  (HOiiietimes  manganese),  magnesium, 
calcium,  und  alkalies.  The  Idnda  here  included  range  from  the  iight-colored  . 
edenite,  containing  but  little  iron,  through  the  light  to  dark  green  pargasUt, 
to  the  dark-colored  or  black  hornblende,  the  color  growing  darker  with  increase 
in  amount  of  iron.  Extinction-angle  variable,  from  0"  to  37°,  see  below. 
Pleochroism  strong.     Absorption  uaually  c  <  b  <  0. 

Edenite.  Aiuminaui  Magntiium-Caiciiim  Amphibole  Color  wliile  lo  gray  niitl  ptile 
fireen,  ami  also  colnrless;  O.  =  i)'0-3  OSS.  Rmemblet  aiithnphyllite  and  tremulltu.  Nnmed 
fnini  tile  lui'sUiy  nt  EdeuTilIc,  N.  Y.  To  Ibia  vuriely  beloDg  THrlous  pale-colored  ampbi- 
liolcB.  liuving  less  tliiiu  S  \i.  c.  oF  {run  oxides. 

Koktharotiie  is  a  vnrlvty  from  lUe  utigliUoihood  of  L.  Buikul  named  after  tbe  Itussian 
miiierBlojj'iBt.  N.  »oti  KokaliaroT. 

CoMMi'N  HoRNBLBN'DK.  pARGABiTE      ColoFs  brigbt  Or  dark  green,  and  bluish  greeo  lo 

Srarisli  black  and  black.  Q.  =  8'05-3'4?.  Pitrgailu  U  usually  made  lo  include  greea  and 
linsh'greeii  hinds,  occunlag  in  stout  liiflrous  cryBluls.  or  gruDUlar;  and  Common  horof 
bttnde  tbe  gieenisli  black  aud  black  kinds,  whetber  in  stunt  cry-ials  or  loug-bladed, 
columnar,  libroiia,  or  massire  graDubr  But  no  lioe  can  be  driiWD  bctwiea  tbem.  Tlie 
extinctioQ-augie  on  6,  or  c  a  ^  =  -f  15"  lo  35*  chiefly.     Absorption  c>  i  >  a. 

PargatiU  occurs  nt  Pargas,  Finland,  in  bliiisli-Ereen  and  grnyjtb-blnrk  crystals,  t  \h 
=  -(-18°;  IS=\U\  r  -"--0-019;  aV  =  59°  Pleochroism:  (greenish  blue;  b  emetald- 
green;  ft  grn.  yellow. 

Tbe  dirk  brown  lo  blnck  horabltade*  from  b:isa1tic  and  o:ber  igneons  rocks  vary  (ome- 
wbal  widely  iu  opiical  cb  irscters.  Tbe  imgle  e  a  i  =  0°  lo  +  10°  cbitfly;  /i  =  ITJS;  y  — 
a  —  0  073  (in;i)itoiiim).     Pleochroism:  c  brown,  b  yellow,  a  y  w.  greeu,  but  vjinaMe. 

Tbe  Eataforitt  of  Norway  (BrOgger)  has  (  a  i  =  80°  to  60°;  absorpllon  t  >  c  >  a;  pleo- 
cbroism:  (yellow,  i  Tlolel,  oyw.  brown;  ii appr<ixliniilcB  toward  arfTedsouile  (p.  405). 

Kupfftritt.  from  a  graphite  mine  In  Ihe  Tiiokiusk  Hts.,  near  L.  Baikal,  Is  a  deep  green 
auphlbole  (aliimlnnua)  formerly  referred  lo  Hiitbopbyllite, 
Ssi-tagmaliU  is  the  black  bornbleodc  of  Vesuvius. 

Bergamailalt  is  an  Iron-nraplilbole  coDtiiiniug  almost  do  magnesia.  From  Honte  Altino, 
Province  of  Bergamo,  Italy. 

Kiitrtutiu  is  iL  titai  life  runs  amphibole  from  Eaersul,  Umanaka  fiord,  North  GreeDland. 
Hattiiigntt  is  ua  amphibole  low  Iu  silica  aud  high  id  iron  aod  soda,  from  tbe  nepbelite- 
syenlli:  at  Dunganiioii.  Uiislinga  Co.,  Onluriii. 

Pyr.— Esseiilially  the  aiime  as  for  tbe  corresponding  varieties  of  pyroxene,  see  p.  8W. 

^ff.— IMaiiuguislied  from  pyroxene  {and  tourmaline)  by  lis  disliucl  prismatic  cleavage, 

yielding  angles  of  56*  and  124°.    Fibrous  aud  columnar  forms  are  much  more  common  than 

with  pyroxene,  lamellar  and  follaied  forms  rare  (see  niso  pp.  S90. 398).    Ciystnls  ofieo  Iodk, 

^92  sleDdcr.  or  bladed.     DiHers  from  i  he  fibrous  zeolltea  id 

not  gelatinizing  wlib   acids.     Epldotc  baa  a  peculinr 

green   colur,  Is  more   fusible,   aud  shows  a  different 

cleavoge. 

In  rock  seclinas  amphibole  geucmlly  shows  distioct 
OIQ  colors,  green,  S'imetimea  olive  or  brown,  and  is  etroDgly 
^  pleocbroic.  Also  recoirnized  by  its  bigb  relief;  gen- 
erally nitlier  high  interfereuce-ci)lors;  by  Ihe  very  t>t-r- 
fcc!  sysleni  of  cleavage-crocks  crossing  iil  oiigles  of  66* 
and  134°  In  secllous  i  k  (Fig.  TS3).  In  sections  |  b  (010) 
(recogniised  by  yielding  no  axial  figure  Iu  convergent  light,  by  showing  tbe  bigbest  Inter- 
ference (olors  and  bi  having  pandlel  cleavage-cracks,  \i).  the  extlQCllou-dlrection  for 
common  liorubleiides  tnakes  a  smiiU  angle  (13°-I5°)  wiib  Ihe  cleavage. cracks  (i.a.,  with  i); 
further,  tlil^  (lirccliou  is  positive  c  (different  from  (amnion  pyruxene  uud  teglrite,  cf.  Figs. 
77a  anil  7:0). 

Obs.  — Ampbllwle  occurs  In  many  crystalline  limestones,  and  granitic  and  seblstoae 
rocks,  and  sparingly  in  voluaulc  rocks.     IremoliU,  the  magnesia' lime  varieiy,  is  especially 
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comniori  in  limestones,  pariicularly  magnesian  or  dolomitic;  actinoliU  {xilso  tiephrite>,  the 
magnesia  lime-iroo  variety,  iu  steatitic  rocks  and  with  serpentine:  ami  dark  green  and 
black  hornbltfuit,  in  chlorite  schist,  mica  schist,  gneiss,  and  in  various  otlitr  rocks  of 
which  ii  forms  a  eonstitneut  part;  brown  to  black  hornblende  •H.'cnrs  in  trachyte  and  other 
eruptive  rvxrks.     Asbestus  is  often  found  in  connt-ction  with  srr|H'Uiine. 

I/ornbUMU-ritck,  <ir  arnpftiMile,  consists  of  massive  hornblende  (»f  a  dark  greenish  black 
or  black  (H>ior.  and  has  a  granular  texture  Occasionally  tlie<7#Y'^/i  hornblende,  or  actiuo- 
lite,  occurs  in  rock-masses,  as  at  St.  Fnincis,  in  Canada.  HorhbUmU'9chUt  has  the  same 
compi>si:ion  as  amphiiiolite.  but  is  >chist(»8c  or  ^laty  in  structure.  It  often  contains  a  little 
feldspar.  In  »ome  varieties  of  it  the  hornblende  is  iu  part  iu  minute  needles,  tiraniie  and 
syenite  often  conu-dn  hornblende,  and  with  dioritc  it  is  a  common  constituent.  This  is 
also  true  of  the  corresponding  forms  of  gneiss  In  these  cases  it  is  usually  present  in  small, 
irresular  mas^<es,  often  tibroiis  in  structure ;  also  as  rough  bladc<i  crystals. 

Prominent  foreign  localities  of  amphilxde  are  the  following:  Jrtmolite  (grammntite) 
in  dul  >miie  at  C'ampolougo,  Switzerland;  also  at  Orawitza,  Rt-zbanya,  Hungary:  GulsjO, 
Werniland,  Sweden.  Actinolite  in  the  crystjillinc  schists  of  the  Central  and  Eiusteru  Alp.s 
especially  at  Grciner  iu  theZillerthal;  at  Zhblitz  in  Saxony;  Arcndal.  Norway.  Asbfstus  at 
Slerzinc.  Zillerthal.  and  elsewher**  in  Tyrol:  in  Savov;  also  in  the  islan<l  of  Corsica.  Par- 
fffisite  at  Pariras,  Finland:  Sauaipe  in  Carinthia.  llarnbleHde  at  Anndal  and  Kongsberg, 
Norway;  in  Swe<len  and  Finland;  at  Vesuvius;  Aussigund  Teplitz,  Bohcmi:i;etc.  Arp/trite^ 
which  in  the  form  of  **  jade  '*  «>rnamcnts  and  utensils  is  widely  distributed  among  the  relics 
of  early  man  (see  jade,  p.  394).  is  obtaineii  at  various  points  in  Central  Asia.  The  most 
important  source  is  that  in  the  Ranikash  valley  in  the  Euen  Lun  Mts.  on  the  southern  bor- 
ders of  Turkestan:  also  other  loi-alities  in  Central  Asia.  In  New  Zeiiiaud.  Nephrite  has 
been  found  in  Europe  as  a  rolletl  mass  at  Schwemmsal  near  Leipzig;  iu  Swiss  Liike  habita- 
tion^ ami  similarly  elsewhere. 

In  the  United  States,  in  Maine,  black  crvslals  occur  at  Thomaston;  pargasiie  at  Phipps- 
burg.  In  Verinont,  actinolite  in  the  steatite  quariies  of  Windham  and  New  Fane.  In 
Mass.,  treinoliie  at  Lee;  black  crystals  at  Chester;  asl>estus  at  Pelliam;  cummingtoniU  at 
Cuinnnngtoii.  In  Conn.,  in  large  flatt«'ned  white  crystals  and  in  l>lade<l  and  tibmus  forms 
(treniolite)  in  dolomi'e.  at  Canaan.  In  y.  York  \Varwick,  Orange  Co.:  near  E<lenville; 
near  Amity:  at  the  Stirling  miiies.  Orange  Co.;  in  short  greeti  crystals  at  Gonvcrneur.  St. 
Lawrence  Co  :  with  pyroxene  a«  Russell:  a  black  variety  at  Pierre) »i»r.t:  at  Macotnb:  Pit- 
ciirn:  treniolite  at  Fine;  in  Ro««4ie,  "l  ni.  N.  of  Oxbow:  in  large  white  crystals  at  Diana, 
Lewis  Co  ;  .•usl)estus  nt^ir  Greenwood  Furnace.  In  N.  Jersey,  tremolite  or  gray  ampldbole 
in  good  (Tvs'aN  at  Brvnni.  and  other  varieties  of  the  species  at  Fiankliti  nntl  N<*wton.  radi- 
ated actiu«»iite.  In  Penn..  actinolite  at  Mineral  Hill,  in  Delaware  Co. :  at  I'nionville;  at 
Kennelt.  Ch-  ster  Co.  In  M'tryland,  actinolite  and  a.sbestusat  the  Hare  IlilU  in  serpentine; 
asl)esins  is  mined  at  P  le^vill".  Harford  Co.  In  Virginia,  actincdite  at  Willis's  Mt.,  iu 
BuckinL''liain  Co.:  asliestus  at  Barnet's  Mills.  Faucpiier  Co.     Nephrite  occurs  in  Alaska. 

In  C'ana  la,  trem(»lite  is  abundant  in  the  Laurentian  limestones,  at  Calumet  Falls,  Litch* 
field.  Poniiac  Co  ,  Quebec:  al-o  at  Blythtielci.  Renfrew  Co.,  and  Dalhotisie.  Dinark  Co. 
Black  hornblende  at  varinus  localities  in  Quebec  and  Ontar  o  witii  pyio.vene,  apatite, 
titrmile.  etc..  :is  in  Renfrew  ('o.  Asbestus  aiul  mountain  cork  at  Buckingham,  Ottawa  Co., 
Quel>ec:  a  bed  of  actinolite  at  St.  Francis.  Beauce  Co.,  Quebec;  nephrite  )ias  been  found 
in  British  Columbia  and  Northwest  Territory. 

OLAUCOPHANi:. 

MoTiodiiiic:  near  ampliibole  in  form.  Crystals  prismatic  in  habit,  usually 
indi.^tiiict :  coininoiilv  inassivo,  fibrous,  or  columnar  to  jrranular. 

Cb'avjiire:  ///perfect.  Fracttire  concboidal  to  uneven.  Brittle.  II.  =  G-r)*5. 
G.  =  3*I0:;-r;  1 13.  Luster  vitreous  to  pearly.  Color  azure-blue,  lavender-blue, 
blui.sb  blaclc,  orraviftli.  Streak  <rravish  blue.  Translucent.  Pleocbroisiu 
stroirilv  marked:  c  skv-blue  to  ultramarine-blue,  b  reddish  or  lluisli  violet, 
a  yellowish  irreen  to  colorless.  Absorption  c  >  b  >  0.  Opti(»allv  -I-.  .\x. 
pi; II  h.  c  A  r  =  4'  to  6^,  rarely  hicrher  values.  i>E„,.  =  84°  42'.  }i  =  l-()442 
(i^rastaldite):  )/-- /y  =  00*22. 

Coinp.-Es.«entiallv  NaAH8iO,\.(Fe,Mo:)SiO,.  If  Mcr  :  Fo  =  2  :  1,  the 
formula  requires:  Silica  57'G,  alumina  10*3,  iron  protoxide  7*7,  magnesia  8'5, 
soda  9-9  =  100. 
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Obs. — Occurs  ns  tlic  liornblciidic  constituent  of  certain  crystalline  schists,  called  glaue^ 
phane-schutts,  or  glaiicophanite;  also  more  ur  less  prominent  in  mica  schists,  arophilioliteB, 
gneiss,  eclogites,  etc.  It  is  often  associated  with  mica,  garnet,  diallage  and  omphncite, 
epidole  and  zoisile.etc.  First  des(^ri bed  from  the  island  of  Syra,  one  of  tiie  Cyclades;  since 
shown  to  be  rather  widely  distributed,  us  on  the  southern  slope  of  the  Alps  (gcutaidiU), 
Corsica.  Japan,  etc.     Wiadusite  is  a  fibrous  variety  from  the  Is.  Rhodus. 

In  the  U.  S.,  glaucophane  schists  have  been  described  from  the  Coast  liinges  of  Cali- 
fornia, }is  at  Sulphur  Bank,  Lake  Co. 

Glaucophane  is  named  from  yKixvKo'iy  bluitih  green,  and  ^xiiyecr^at,  to  appear. 


Monoclinic.  Axes  A  :  {  :  <*  =  0-5475  :  1  :  0-2925;  /&  =  76^  10'.  In  embed- 
ded prismatic  crystals,  longitudinally  striated.  Cleavage:  prismatic  (56^) 
perfect.     Luster  vitreous.     Color  black.     Pleochroism  very  strongly  marked : 

c  green,  b  (=  t)  deep  blue,  a  (nearly  ||  c)  dark  blue.     Optically  — .     Extinc- 
tion-angle small,  a  A  <5  =  4°-5''  (±?).     Axial  angle  large. 

m 

Comp.— Essentially  2NaFe(SiO,),.FeSiO,  =  Silica  50-5,  iron  sesquioxide 
26*9,  iron  protoxide  12-1,  soda  10*5  =  100.  It  corresponds  closely  to  acmite 
(sBgirite)  among  the  pyroxenes. 

Obs.— Originally  described  from  the  granite  and  syenite  of  the  island  of  Socotra  in  th# 
Indian  Ocean,  120  m.  N.  £.  of  Cape  Guardafui,  the  eastern  extremity  of  Africa:  occurs  in 
groups  of  prismatic  crystals,  of  tea  radiating  and  closely  resembling  tourmaline;  also  in  irrano- 
phyre  blocks  found  at  Ailsa  Crag  and  at  other  points  in  Scotland  and  Ireland.  A  similar 
amphibole  occurs  at  Mynydd  Mawr,  Carnarvonshire.  Wales.  Also  another  in  granulite  in 
Corsica.  A  so-called  arfve<isonite  from  St.  Peter's  Dome,  Pike's  Peak  region,  £1  P^iisoCo., 
Colorado,  occurring  with  astrophyllite  and  zircon,  is  shown  by  Lacroiz  to  be  near  riebeck- 
ite.    Extinction-angle  on  6,  a  a  c  =  8*  to  4''. 

OROdDOLrm.    Blue  Asbestus. 

Fibrous,  asbestus-like;  fibers  lon^  bu!;  delicate,  and  easily  separable.     Also 

massive  or  earthy.      Cleavage:    prismatic,  66^      H.  =  4.     G.  =  3*20-3 -30. 

Luster  silky;  dull.     Color  and  streak  lavender-blue  or  leek  green.     Opaque. 

Fibers  somewhat  elastic.   Pleochroism :  c  green,  b  violet,  a  blue.   Optically  +. 

Extinction  angle  on  b,  inclined  18°  to  20**  with  6,      2E  =  95°  approx.      y  —  a 

=  0-025. 

in 

Comp.— NaFe(SiO,),.FeSiO,  (nearly)  =  Silica  49-6,  iron  sesquioxide  22-0, 
iron  protoxide  19*8,  soda  8*6  =  100. 

Ma«^nesiiim  and  CAlcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  the 
sodium. 

Pyr.,  etc.— In  the  closed  tube  yields  a  small  amount  of  alkaline  water.  B.B.  fuses 
easily  with  intumescence  to  a  black  magnetic  glass,  coloring  the  flame  yellow  (soda).  With 
the  fluxes  gives  reactions  for  iron.     Unacted  upon  by  acids. 

Obs. — Occurs  in  South  Africa,  in  Griqualand-West,  north  of  the  Orange  river,  in  a 
range  of  quartzoae  schists  called  the  Asbestos  Mountains.  In  a  micaceous  n<>r|)hyrv  near 
Fnimont,  in  the  Vosges.  At  GoUing  in  Salzburg.  In  the  U.  S.,  ill  Beacon  Pole  Hill,  near 
Cumberland,  R.  I.  Emerald  Mine,  Buckingham,  and  Perkin's  Mill,  Templeton,  Ottawa 
Co.,  Ontario,  Canada. 

Abriachanite  is  an  earthy  amorphous  form  occurring  in  the  Abriachan  district,  near 
Loch  Ness,  Scothmd.  Crocidolite^  is  named  from  KpoKiS,  toooft  in  allusion  to  its  fibrott» 
structure. 

The  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  infiltra- 
tion of  silica,  resulting  in  a  compsiiet  siliceous  stone  of  delicate  flbrous  structure,  chatoyant 
lupter,  and  bright  yellow  to  brquvn  color,  iK)pularly  called  tiger-eye  (also  oit'a-eye  and 
Faserquarz,  Tig'*rauge,  Falkeuauge  (bluish  var.)  Oerm.).    Many  varieties  occur  u>rmiog 
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transitions  from  tbe  original  blue  mineral  to  the  final  product;  also  varieties  depending 
upon  tlie  extent  to  wbicb  tbe  original  mineral  bas  penetrated  tbe  quartz. 

ARFVEDSONTTE. 

Monoclinic.     Axes  a:b:6-  0-5569  :  1  :  0  2978  ;  /^  =  73"  2'. 

Crystsils  long  prisms,  often  tabular  J  ^,  but  seldom  distinctly  terminated ;. 
angles  near  those  of  ampliibole;  also  in  prismatic  aggregates.  Twins:  tw.pl.  a» 

Cleavage:  prismatic,  perfect;  b  less  perfect.  Fracture  uneven.  Brittle. 
H.  =  C.  G.  =  3 '44-3 -45.  Luster  vitreous.  Color  pure  black;  in  thin  scaler 
deep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin  splinters* 
Pleochroism  strongly  marked:  c  deep  greenish  blue,  b  lavender,  a  pale  green- 
ish yellow.  Absorption  c  >  b  >  a;  sections  \  a  are  deep  greenish  blue,  ||  6  olive- 
green,     fi  =  L-707;  V  ^  a=  0027.     Extinction  angle  on  b,  with  iy  =  14°. 

Comp. — A  slightly  basic  metasilicate  of  sodium,  calcium,  and  ferrous  iron, 
chiefly;  an  analysis  by  Lorenzen  gives: 

G.         SiO,  Al.O,  Fe,0,  FeO  MnO  M  jO  CaO  Na,0  K,0  H,0 
Eaugerdluarsuk  8  44        48*85    4  45    3*80  88*48  0*45  r  6l  4*65  815  1  0(5  015  =  100*80 

Tbe  supposed  arfvedsouite  from  Greenland  analyzed  by  von  Kobell.  Rbg.,  etc.,  has- 
been  sliown  to  be  &*girite;  tbat  from  Pike's  Peak,  Colomdo,  analyzed  by  Eoenig,  has  been 
referred  to  riebeckite. 

Pyr.,  ate.— B.B.  fuses  at  2  with  intumescence  to  a  black  rongnetic  globule;  colors  the 
flame  yellow  (soda);  with  tbe  fluxes  gives  reactions  for  iron  and  manganese.  Noi  acted 
upon  by  acids 

Obs. — Arfvedsouite  and  ampbiboles  of  similar  character,  containing  much  iron  and 
soda,  are  common  constituents  of  certain  igneous  rock  which  are  rich  in  alkalies,  as  nepbe» 
lite  syenite,  pbonolite,  etc.  Lurge  and  distinct  crvsUils  are  found  only  in  tbe  pegmatite- 
veins  in  such  rocks,  as  at  Eangerdluarsuk,  Greenland,  where  tbe  associated  roinemis  are 
sodalite,  eudiulyte,  feldspar,  etc.  Arfvedsoniie  occurs  also  in  tbe  nepbelite- syenites  and 
related  rocks  of  tbe  Cbristiania  region  in  soutliern  Norway;  on  tbe  Kola  peninsula  in. 
Russian  Lapland:  Dun^nnon  township,  Ontario;  Trans  Pecos  district,  I'exas.  The  re- 
lated brownish  pleocbroic  ampbiboles  (cf.  barkevikite)  occtir  in  similar  rocks  nt  Montreal, 
Canada;  Red  Ilill.  New  Hampshire;  Salem,  Mas:i.;  Magnet  Cove,  Ark.  ;  Black  Hills,  So. 
Dakota;  Square  Butte,  Montana,  etc. 

Omstite  is  a  soda-am  phi  bole  near  arfvedsouite  (7'62NasO)  from  a  rock  in  the  neighbor-^ 
hoo(i  of  San  Francisco. 

Barkkvikite.  An  amphibole  near  arfvedsouite  but  more  basic.  In  prismatic  crys- 
t  lis.  Cleavage:  prismatic  (55*  441')-  G.  =  3  428.  Color  deep  velvet-black.  Pleocbroisn^ 
marked,  colors  brownish.  Extinction-ani^te  with  h  on  b=  12^**.  Occui-s  at  tbe  wOblerite 
locality  near  Barkevik,  on  tbe  Langesund  fiord,  and  elsewhere  in  southern  Norway. 


JEnigmatite.  Cossyrite.  Essentially  a  titnno-silicate  of  ferrous  iron  and  sodium,  but 
containing  also  aluminium  and  ferric  iron.  In  prismatic  triclitiic  crystals.  Cleavage: 
prisnmiic.  distinct  (86°).  G.  =3*74-8  80.  Color  bbick.  iEnignintiie  is  from  the  sodalite- 
syenitc  of  Tuuu  dliarfik  and  Eangerdluarsuk,  Greenland.  Cossyrite  occurs  in  minute 
crystals  embedded  in  tbe  liparite  lavas  of  tbe  island  Pantellaria  (ancient  name  Cossyra). 


Hexagonal.     Axis  d  =  0*4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  transversely; 
distinct  terminations  exceptional.  Occasionally  in  large  masses,  coarse  columnar 
or  granular  to  compact. 

Cleavage:  c  imperfect  and  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  -  7-5-8.  G.  =  2-63-2-80;  usually  2*69-2  70.  Luster  vitreous, 
FO'>ioriTne  resinous.     Colors  emerald -green,  pale  green,  passing  into  light  blue. 
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yellow  and  white;  also  pale  rose-red.  Streak  white.  Transparent  to  subtrans- 
lucent.  Dichroism  more  or  less  distinct.  Optically  — .  Birefringence  low. 
Often  abnormally  biaxial,     g?  =  1*5820,  e  =  1-5765  aquamarine. 
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Var. — 1.  Emerald.  Color  bright  ememld-green,  due  to  the  presence  of  a  little  chro- 
mium ;  highly  prized  as  a  gem  wheu  clear  and  free  from  flaws. 

2.  Ordinary;  Beryl.  Generally  in  hexagonal  prisms,  often  coarse  and  large  ;  green  the 
common  color.  The  principal  kinds  are :  (a)  colorless;  (6)  bluish  green,  called  aquamarine; 
(c)  apple-green ;  {d)  greenish  yellow  to  iron-yellow  and  hone^-yellow  ;  sometimes  a  clear 
bright  yellow  as  in  the  golden  beryl;  (e)  pale  yellowish  green;  (/)  clear  siipphire-blue ; 
{g)  pale  sky-blue  ;  (A)  the  pale  violet  or  reddish  ;  (i)  the  opaque  brownish  yellow,  of  waxy 
or  greasy  luster.     The  <yriental  emerald  of  jewelry  is  emerald-colored  sapphire. 

Comp.— Be,Al,(SiO,),  or  3BeO.Al,0,.6SiO,  =  Silica  67*0,  alumina   19*0, 
gluciua  U-0  =  100. 

Alkalies  (NaaO,  LiaO,  CsaO)  are  sometimes  present  replacing  the  beryllium,  from  0*25 
to  5  p  c.  ;  also  chemically  combined  water,  including  which  the  formula  becomes 
HaBcAUSi.aOsT. 

Pyr..  etc. — B.B.  alone,  unchanged  or.  if  clear,  becomes  milky  white  and  clouded  ;  at 
a  high  temperature  the  edges  are  rounded,  and  ultimately  a  vesicular  scoria  is  fcmned. 
Fusibility  =  5*5,  but  somewhat  lower  for  beryls  rich  in  alkalies.  Glass  with  borax,  clear 
4ind  colorless  for  beryl,  a  fine  green  for  emerald.     Unacted  upon  by  acids. 

DiflF. — Characterized  by  its  green  or  greenish-blue  color,  glassy  luster  and  hexagonal 
form  ;  rarely  massive,  tlieu  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
hardness,  not  being  scratched  by  a  knife,  also  harder  than  green  tourmaline  ;  from  chryso- 
beryl  by  its  form  ;  from  euclase  and  topaz  by  its  imperfect  cleavage. 

Obs. — Beryl  is  a  common  accessory  mineral  in  granite  veins,  especially  in  those  of  a 

Segmatitic  character.  Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  near 
[uso,  etc.,  75  m.  N.N.E.  of  Bogoti,  Colombia.  Emeralds  of  less  beauty,  but  larger,  occur 
in  Siberia,  on  the  river  Tokovoya.  N.  of  Ekaterinburg,  eml)edded  in  mica  schist.  Emeralds 
of  large  size,  though  not  of  uniform  color  or  free  from  flaws,  have  been  obtained  in  Alex- 
ander Co.,  N.  C. 

Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Shaiiauka,  near  Ekaterinburg  ;  near  Miask  with  topaz  ;  in  the  mountains  of 
Aduu-Chalon  with  topaz,  in  E.  Siberia.  Beautiful  crystals  also  occur  at  Elba ;  the  tin 
mines  of  Ehrenfriedersdorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  localities 
are  the  Mourne  Mts.,  Ireland  :  yellowiNh  green  at  Rubislaw,  near  Aberdeen.  Scotland 
(davidsonite) ;  Limoges  in  France ;  Finbo  and  Broddbo  in  Sweden  ;  Tamela  in  Finland ; 
Pfitsch-Joch.  Tyrol  ;  Bodenmais  and  Rabenstein  in  Bavaria :  in  New  South  Wales. 

In  the  United  States,  beryls  of  gigantic  dimensions  have  been  found  in  N.  Uamp.,  at 
Acworlh  and  Grafton,  and  in  Mass..  at  Royalston.  In  Maine,  at  Albany  ;  Norway  ;  Bethel; 
at  Hebron,  a  caesium  beryl  (CsaO.  360  p  c),  associated  with  ix)llucite  ;  in  Paris,  with  black 
tourmaline  ;  at  Topsham.  pale  green  or  yellowish.  In  Mass.,  at  Bnrre;  at  Goshen  (gash^nite), 
and  at  Chesterfield.  In  Conn.,  at  Haddam,  and  at  the  Middletown  and  Porllrttid  feldspar 
quarries  ;  at  New  Milford,  of  a  clear  golden  yellow  to  dark  amber  color ;  Branchville.     In 
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Pdnn.,  at  Leiperville  and  Chester ;  at  Miuernl  Hill.  In  Virginia,  at  Amelia  Court- House, 
sometimes  white.  In  JV.  Carolina,  in  Alexander  Co.,  near  Stony  Point,  fine  emeralds  ;  io 
Mitchell  Co.:  Morganton,  Burke  Co.,  and  elsewhere.  In  Alabama,  Coosa  Co..  of  a  lighl 
yellow  color.  In  Uohrado,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines.  In  6. 
Dakota,  in  the  Black  Hills  in  large  crystals. 

XSndialyte.  Essentially  a  metasilicate  of  Zr.Fe(Mn),Ca,Na,  etc.  In  red  to  brown 
tabular  or  rhombohedral  crysUils  ;  also  massive.  H.  =  5-5*5.  G.  =  2'9-8*0.  Optically  -|-. 
From  Kangerdluarsuk,  West  Greenland,  etc.,  with  arfvedsonite  and  sodalite  ;  at  Lujaor  on 
the  Eoln  peninsula,  Russian  Lapland,  in  eleeolite-syenite,  there  forming  a  main  constituent 
of  the  rock-mas8.  Bucolite,  from  islands  of  the  L'ingesund  fiord  in  Norway,  is  similar  (but 
opiically  — ).  Eudialyte  and  eucolite  also  occur  at  Magnet  Cove,  in  Arkansas,  of  a  rich 
crimson  to  petich-blossom  red  color,  in  feldspar,  with  eloeolite  and  eegiritc. 

Elpidite.  Nu,O.ZrOa.6SiO«.3H,0.— Massive,  fibrous.  G.  =  2*54.  Southern  Green- 
land.  

The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
€iind  fiord  region  of  southern  Norway. 

Catapleiite.  H«(Nas,Ca)ZrSisOii.  In  thin  tabular  hexagonal  prisms.  H.  =  6.  G.  = 
2*8.  Color  light  yellow  to  yelIowis>h  brown.  Natron-eataplfiiie,  or  soda-catapleiite,  con- 
tains only  sodium  ;  color  blue  to  gray  and  white ;  on  heating  the  blue  color  disappears. 

Cappelenite.  A  boro-silicate  of  yttrium  and  barium.  In  greenish-brown  hexagonal 
crystals. 

Melanocerite.  A  fluosilicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefly 
(also  B,  Ta.  etc.).     In  brown  to  black  tabular  rhombohedral  crystals 

Caryocerite.     Near  melanocerite,  containing  ThOa. 

Streensthupixe  (from  Greenland)  is  allied  to  the  two  last-named  species. 

Tritomite.  A  fluo  silicnte  of  thorium,  the  cerium  and  yttrium  metals  and  calcium, 
with  boron.     In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region: 

Leucophanite.  Na(BeF)Ca(SiO»),.  In  glassy  greenish  tabular  crystals  (orthorhombic- 
sphenoidal)      H.  =4.     G.  =  2-96. 

Meliphanite.  A  fluosilicate  of  beryllium,  calcium,  and  sodium  near  leucophanit  In 
low  square  pyramids  (tetragonal).     Color  yellow.     H.  =  5-55.     G.  =  3  01. 


lOLTTIS.     Conlierite.     Dichroite. 

Orthorhombic.     Axes  d:l:i  =  0  5871  :  1  :  0  5585. 

Twins:   tw.  pi.  m,  also  d  (130),  both   yielding  pseudo-hexagonal  forms. 
Habit  short   prismatic  (mm'"  =  60°  50')  "^(Fig.    299,  ^g^ 

p.  94).     As  embedded  grains;  also  massive,  compact. 

Cleavage:  ^distinct;  a  and  c  indistinct.  Crystals 
often  show  a  lamellar  structure  |  c,  especially  when 
slightly  altered.  Fracture  subconchoidal.  Brittle. 
IT.  =  7-T-5.  G.  =  2-60-2-66.  Luster  vitreous.  Color 
Tarious  shades  of  blue,  light  or  dark,  smoky  blue. 
Transparent  to  translucent.  Pleochroism  strongly 
marked  except  in  thin  sections.  Axial  colors  variable. 
Thus: 

Bodenmais       c(=  Swlark  Berlin-blue       b (=  fl)  light  Berlin- 
blue      a  (  =  i)  yellowish  white 

Absorption  c  (J)  >  b  {ii)  >  o  (t).     Pleochroic  haloa 
common,  often  bright  yellow;  best  seen  in  sections  ||  6. 
Exhibits  idiophanous  figures.    Optically  — .    Ax.  pi.  ||  a.    Bx.  J_c.   Dispersion 
feebis  P  <  V.     2V  =  70°  23'  (also  40^  to  84°).     /?,  =  1*549;   y  -  a  =  0008 
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4Ub  DESCRIPTIVE  MINERALOGY. 

Comp.— H,(Mg,Fe),Al.Si,,0„  or  H.O.4(Mg,FeO).4Al,O..10SiO,. 
If  Mg  :  Fe  =  7  :  2,  the  percentage  composition  is:  Silica  49*4,  alnmina  33'6, 
iron  protoxide  5*3,  magnesia  10*2,  water  1*5  =  100.    Ferrous  iron  replaces  part 
df  the  magnesium.     Calcium  is  also  present  in  small  amount. 

P3rr..  etc. — 6.6.  loses  tmnspareDcy  and  fuses  at  5-5  5.  Only  partially  decomposed  by 
acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Diff. — Characterized  by  its  vitreous  luster,  color  and  pleochroism;  fusible  on  the  edges 
unlike  quartz:  less  hard  tlinn  sapphire. 

Recognized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  interference-colors; 
it  is  very  similar  to  quartz,  but  distinguished  by  its  bitixiul  character;  in  volcanic  ri>cks 
commonly  shows  distinct  crystal  outlines  and  a  twinning  of  three  individuals  like  Hniiron- 
itc.  In  the  gneisses,  etc.,  it  is  in  formless  gruins,  but  the  common  occruirence  of  incluAitms, 
especially  of  sillimnnite  needles,  the  pleochroic  halos  of  a  3'ellow  color  around  small  inclu- 
sions, particularly  zircons,  and  the  constant  tendency  to  alteration  to  micaceous  pinite  seeu 
along  cleavages,  help  to  distinguish  it. 

Obs. — Occurs  in  granite,  gneiss  (cordiei'ite- gneiss),  hornblendic,  chlorilic  and  talcose 
schist,  and  allied  rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornbiende,  andalu- 
site,  sillimanite,  garnet,  and  sometimes  beryl.  Less  commonly  in  or  connecied  with  igneous 
rocks,  thus  forme.l  directly  from  the  magma,  as  in  andesite,  etc.;  also  in  ejected  masses  (in 
fragments  of  older  rocks);  further  formed  as  a  contact- mineral  in  connection  with  eruptive 
dikes,  as  in  slates  adjoining  granite. 

Oc<nirs  nt  Bodenniais,  Bavaria,  in  granite,  with  pyrrhotite,  etc.;  Orijftrvi,  in  Finland 
($te%nheiliU)',  Tnnnbeig,  in  Swedi*n  ;  in  colorless  crystals  from  Brazil  ;  Ceylon  affords  a 
transpai-ent  variety,  the  ftaphir  d*eau  of  jewelers. 

In  the  U.  S.,  at  lladdam,  Conn.,  associated  with  tourmaline  ^''^  a  granitic  vein  in  gneiss. 
At  Brimfield,  Mnss. :  at  Richmond,  N.  H. 

Named  lolite  from  t'ov,  violet,  and  A/19o?,  stone;  DiehroiUf  (from  Sixpooi,  two-colored), 
from  its  dichroism  ;  Cordierite,  after  Cordier,  the  French  geologist  (1777-1861). 

The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exp(»sure.  that  the  mineral  is 
most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  This  change 
may  be  a  simple  hydration  ;  or  a  removal  of  part  of  the  protoxide  bases  by  carbon  dioxide  ; 
or  the  introduction  of  oxide  of  iron;  or  of  alktdies,  forming  pinite  and  mica.  The  Arst  step 
in  the  change  consists  in  a  division  of  the  prisms  of  iolite  into  plates  panillel  to  the  base, 
and  a  pearly  foliation  of  the  surfaces  of  these  plates;  with  a  change  of  color  to  grayisli  green 
and  greenish  gray,  aiul  sometimes  brownish  gray.  As  the  nlieration  proceeds,  the  foliation 
becomes  more  complete;  afterward  it  may  be  lost.  'I  he  mineral  in  this  altered  condition 
has  many  names:  ns  hydrous  iolite  (incl.  bonsdorffite  and  auralite)  from  Al)0,  Finland; 
fahlunite  from  Falun,  Sweden,  also  jiyrargillite  from  Helsingfors;  esmarkite  and  praseolite 
from  near  Brevik,  Norway,  also  raxtmite  from  Rimmo,  Finland,  and  peploliU  from  Rams- 
l)erg.  Sweden;  chlorophylUte  from  Unity,  Me.;  aspasiolite ;  and  poipehrotlite  from  KragerO. 
There  are  further  alkaline  kinds,  as  pinite,  cataspilite,  gigantolite,  iherite,  belonging  to  the 
Mica  Group. 


The  following  are  rare  lead  and  barium  silicates: 

Barysilite.  PbsSiaOt.  In  embedded  masses  with  curved  lamellar  structure.  Cleav- 
age: basal.  H.  =3.  G.  =  6*ll-6-55.  Color  white;  tarnishing  on  exposure.  From 
the  Iliirstig  mine,  Pajsberg,  Sweden. 

Ganomalite.     PbsSiaOi.(Ca.Mn)tSi04-   In  prismatic  crystals  (tetragonal);  also  massive, 

franular.      H.  =  3.      G.  =  574.      Colorless  to  gray.      From    Mngban,    Sweden;    also 
akobsberg. 

Hyalotekite.  Approximately  (Pb,Ba,Ca\Ba(Si03)ii.  Massive ;  coarsely  crystalline. 
H.  =  5-55.     G.  =  3*81.     Color  while  to  pearly  gray.     From  L&ngban,  Sweden. 

Barylite.  Ba4Al4Si:094.  In  groups  of  colorless  prismatic  crystals.  H.  =7.  G.  =  4*08. 
Luster  greasy.     Occurs  with  hedyphane  in  crystalline  limesttme  at  L&ngban,  Sweden. 

Roeblingite.     5(HaCaSi04).2(CaPbS04).    In  dense,  white,  compact,  crystalline 
H.  =3.     G.  =  8-433.    From  Franklin  Furnace,  N.  J. 
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in.  Orthosilicates.    R,SiO«. 

Salts  of  Orthosilicic  Acid,  H.SiO,;  characterized  by  an  oxygen  ratio  of 
1  :  1  for  silicon  to  bases. 

The  following  list  includes  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  number  of  basic  orthosilicates  nre  here  included,  which  y=eld  water  upon  ignition; 
also  others  wliich  nre  more  or  less  basic  than  a  normal  orihosilicaie,  but  when  are  of 
necessity  introduceil  here  in  the  classitication,  because  of  their  rel  itionsUip  to  other  normal 
salts.  The  Mica  Group  is  so  closely  related  to  many  Hydrous  Silicates  that  (with  also 
Talc,  Kaoliniie.  and  some  others)  it  U  described  later  with  them. 

:Sep]ielite  Group.     Hexagonal.  Scapolite   Group.     Tetragonal  -  py- 

Soclali#  Group.     Isouaetric.  ramidal. 

Helvite  Group.     Isometric-tetrahe-  Zircon  Group.     Tetragonal. 

dral.  Daiiburite  Group.     Orthorhombic. 

Garnet  Group.     Isometric.  Datollte  Group.     Monoclinic. 

Chrysolite  Group.     Orthorhombic.  Epidote  Group.     Monoclinic. 
Plienacite  Group.     Tri-rhombohe- 

dral. 


Kephelite  Group.     Hexagonal. 
Typical  formula  RAlSiO,. 

ITepheUte  K,Na,Al,Si,0.,  i  =  0-8389 

Soda-nephelite  (artif.)     NaAlSiO^ 
Eucryptite  LiAlSiO,  KaUophiUte  KAlSiO, 


Cancrinite  H,Na,Ca(NaCO.),Al,(SiO,),  26  =  08448 

Microsommite  (Na,K),.Ca,Al,,Si,,0„SCl,  26  =  0-8367 

The  species  of  the  Neph elite  Group  are  hexagonal  in  crystallization  and 

I 

have  in  part  the  typical  orthosilicate  formula  RAlSiO^.  From  this  formula 
nephelite  itself  deviates  somewhat,  though  an  artificial  soda-nephelite, 
NiiAlSiO^,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
related  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
following. 

NEPHELITE.     Nephcline. 

Ilexai^onal-hemimorphic  (p.  73).     Axis  6  =  083893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  summits. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thin 
columnar. 

Clejiviige:  wi  distinct;  c  imperfect.  Fracture  snbconchoidal.  Brittle. 
H.  =  5*5-6.  G.  =  2*55-2*65.  Luster  vitreous  to  greasy;  a  little  opalescent 
in  some  varieties.  Colorless,  white,  or  yellowish;  also  when  massive,  dark 
green,  greenish  or  bluish  gray,  brownish  rod  and  brick-red.  Transparent  to 
opaque.     Optically  — .     Indices:  «,  =  V%42y  e^  =  1'538. 
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Var. — 1.  Nephelite.  Olassy, — Usually  in  small  j?lassy  crystals  or  grains,  transparent 
with  vitreous  luster,  first  found  on  Mte.  Soroma.  Characteristic  particularly  of  younger 
eruptive  rocks  and  lavas.  2.  Ekdolite. — In  large  coarse  crystals,  or  more  couimouly  mas- 
sive, with  a  greasy  luster,  and  reddish,  greenish,  brownish  or  gray  in  color.  Usuallj 
clouded  by  mmute  inclusions.     Characteristic  of  granular  crystalline  rocks,  syenite,  etc. 

Comp.— R.Al.Si.O.,;  if  R=  Na:K  =  3: 1,  this  is  equivaknt  to  3Na  O.K,0. 
4Al,0,.9SiO,  =  Silica  44-0,  alumina  33-2,  soda  15-1,  potash  77  =  ICO.  In  most 
analyses  Na  :  E  =  4  :  1  or  5  :  1. 

Synthetic  experiments,  yielding  crystals  like  nephelite  with  the  composition  NaAlSiOi. 
lead  to  the  conclusion  that  a  natural  soda-nephelite  would  be  an  orthosilicate  with  this 
formula,  while  the  higher  silica  in  the  potash  varieties  may  be  explained  by  the  presence, 
in  molecular  combiuaiion,  of  KAlSitO*  or  K«0. AlaOs.4Si09  (=  leucite).  The  other  species 
of  the  group  are  normal  orthosilicates,  viz.,  eucrypiite  LiAlSiOi.  and  kaliophiiite,  KAlSiOi. 

Pyr.,  etc.— B.B.  fuses  quietly  at  8*5  to  a  colorless  glass.     Gelatinizes  with  ibids. 

Diff. — Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also 
from  apatite,  from  which  it  dfiers  too  in  its  greater  hardness.  Massive  varieties  have  a 
characteristic  greasy  luster. 

Recognized  in  thin  sections  by  its  low  refraction;  very  low  interference-colors,  which 
scarcely  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  negative  uni-ixial  cross 
yielded  by  basal  sections  in  converging  light.  The  negative  character  is  best  told  by  aid  of 
the  selenite  plate  (see  p.  201).  Micro-chemical  tests  serve  to  distinguish  non-characteristic 
particles  from  similar  ones  of  alkali  feldspar;  tiie  section  is  treated  with  dilute  acid,  and 
the  resultant  gelatinous  silica,  which  coats  the  nephelite  particles,  stained  with  cosine  or 
other  dye. 

Obs. — Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  as  the  product  of  crystallization  of  a  uingma  rich  in  soda  and  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albite).  It  is  thus  an  essential  component  of  the  nephelite-syenites  and  phonolites  where 
it  is  asso(Mated  with  alkali  feldspars  chiefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephelinite,  nephelite-basalts,  nephelitetephrites,  theralite,  etc.,  most  of 
which  are  volcanic  in  origin.  The  variety  eUfoliU  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  neplielite  was  originally  used  for  the  fnsli  glassy  crystals  of  the 
modern  lavas;  the  terms  have  in  this  sense  the  same  relative  siguificauce  as  orthoclase  and 
sanidine.     Modern  usage,  however,  tends  to  drop  the  name  eUrolite. 

The  original  nephelite  occurs  in  crystals  in  the  older  lavas  of  Mte.  Somma,  with  mica, 
▼esuviauite,  etc.;  at  Capo  di  Bove,  near  Rome;  in  the  bnsalt  of  Kntzenbuckel,  near  Heidel- 
berg; Aussig  in  Bohemia;  L^bau  in  Saxony.  Occurs  also  in  massive  forms  and  large 
coarse  crysX\i\%  {elasolite)  in  the  nephelite-syenites  of  Southern  Norway,  especially  along  the 
Laugcsund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Eolu;  Miask  in  the  Ilmen 
Mis.  (in  the  rock  mvisctte):  Sierra  Monchique,  Portugal  (in  the  rock  fayaite);  Ditr6,  Hun- 
gary (in  the  rock  ditroite)\  Pousac,  France;  Brazil;  South  Africa. 

tllifiolite  occurs  massive  and  crystallized  at  Litchfield,  Me.,  with  cancrinite;  Salem, 
Mass.;  Red  Hill,  N.  H. ;  in  the  Ozark  Mts.,  near  Magnet  Cove,  Arkansas;  elaeolite-syenite 
is  also  found  near  Beemersville,  northern  N.  J.:  near  Montreal,  Canada;  at  Dungannon 
township,  Ontario,  in  enormous  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Transpecos  distr.,  Texas  ;  Pilot  Butte.  Texas  :  also  in  western  N.  America,  as  in  Colo- 
rado at  Cripple  Creek;  in  Montana,  in  the  Cmzy  Mts.,  the  Highwood,  Bearpaw  and  Judith 
Mts  ;  Black  Hills  in  So.  Dakota:  Ice  River,  British  Columbia. 

Named  nephelite  from  re^eXtj,  a  cloud,  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elmolite  is  from  eXoctoy^  oil,  in  allusion  to  its  greasy  luster. 

Oieseckite  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-sided  green- 
ish-gray prisms  of  greasy  luster;  also  at  Diana  in  Lewis  Co..  N.  Y.  Dygyntribite  from 
Diana  is  similar  to  gieseckite.  ns  is  also  liebenerite,  from  the  valley  of  Fleims,  in  Tyrol. 
See  further  Pinite  under  the  Mica  Group. 

XSucryptite.  LiAlSiO*.  In  symmetrically  arranged  crystals  (hexagonal),  embedded 
in  albite  and  derived  from  the  alteration  of  spodumene  at  Branchville,  Conn,  (see  Fig.  474, 
p.  141).     G.  =  2-667.     Colorless  or  white. 

Kaliophiiite.  KAlSiO*.  Phacellite.  Phacelite.  Facellite.  In  bundles  of  slender 
acicular  crystals  (hexagonal),  also  in  fine  threads,  cobweb -like.  H.  =6.  G.  =  3  49^ 
2*602.    Colorless.     Occurs  in  ejected  masses  at  Mte.  Somma. 
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Hexagonal.  Axis  b  =  0*4224;  and  mp  =  64**,  pp'  =  25**  58'.  Earely  in 
prismatic  crystals  with  a  low  terminal  pyramid.     Usually  massive. 

Cleavage:  prismatic  (in)  perfect;  a  less  so.  H.  =  5-6.  G.  =  2*42-2 •5, 
Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak  uncolored.  Luster 
subvitreous,  or  a  little  pearly  or  greasy.  Transparent  to  translucent.  Opti- 
cally uniaxial,  negative. 

Comp.— H,Na,Ca(NaCO.),Al.(SiO,),or3H,0.4Na,O.Ca0.4Al,0..9SiO,.2CO, 
=  Silica  38*7,  carbon  dioxide  6*3,  alumina  29*3,  lime  40,  soda  17  8,  water 3  9 
=  100. 

P3rr.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.  =  2)  with 
intiimesceuce  to  a  white  blebby  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
iiepheliie.  Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  beating,  but  not 
before. 

'DSSL — Recognized  in  thin  seel  ions  by  its  low  refraction;  quite  hi^h  interference-colors 
and  negative  uniaxial  churacler.  Its  common  association  with  nephellte,  sodalite,  etc..  are 
valuable  characteristics.  Evolution  of  COj  with  arid  distinguishes  it  from  all  other  min- 
erals except  the  carb<»uates,  which  sliow  much  Idglier  interference-colors. 

Obs. — Cancriniie  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  nnd  related  rock 
groups.  It  is  in  part  believed  to  be  original,  i.e.,  formed  directly  from  the  molten  magma; 
in  part  held  to  be  secondary  and  formed  at  the  expense  of  nephelite  by  infiltrating  waters 
holding  calcium  carbonate  in  solution.  Prominent  localities  are  Minsk  in  the  Ilmen  Mts.,  in 
coarsegrained  nephelite-syenite:  similarly  at  Bnrkevik  and  other  localities  on  the  Lange- 
sund  ti(rrd  in  southern  Norway;  in  the  parish  of  Knolajrtrvi  in  northern  Finland  (where,  asso- 
ciated with  ortliocluse,  segiriie  and  nephelite,  it  composes  a  mass  of  cancrinite-syenite):  at 
Dilro,  Transylvania,  etc.;  in  nephelite-syenite  of  Sflrna  and  Aln6  in  Sweden,  and  in  Brazil; 
also  in  smnll  amount  as  an  occasional  accessory  component  of  many  phonolitic  rocks  at 
various  localities. 

In  the  United  St  ites  at  Litchfield  and  \Ve.«i  Gardiner,  Me.,  with  elseolite  and  blue  soda- 
lite.     Name*!  after  Count  Cancrin,  Russian  Minister  of  Finance. 

Microsommite.  Near  cancrinite;  perhaps  (Na,K)ioCa4AlitSii30ft9SC]4).  In  minute 
colorless  prismatic  crystals  (hexagonal).  From  Vesuvius  (Mocte  Somma).  H.  =  6. 
G.  =  2-42-2  5.3. 

Daytne  is  in  part  at  least  microsommite.    From  Mte.  Somma. 


Sodalite  Group.     Isometric. 

Sodalite  Na,(AlCl)Al,(SiO,). 

Haiiynite  (Na„Ca),(NaS0,.Al)Al,(Si04). 

.  Noselite  Na,(NaSO,.Al)Al,(SiOJ, 

Laznrite  Na,(NaS..  Al)  Al,(SiO,), 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
hjip8  tetnihedral  like  the  following  group.  In  composition  they" are  pernliar 
(like  cuncriiiite  of  the  preceding  group)  in  containing  radicals  with  CI,  SO  and 
S,  which  are  eletnents  usually  absent  in  the  silicates.  These  are  shown  in  the 
forinuliis  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
group  characterized  by  isometric  crystallization  and  a  close  resemblance  in 
composition.     See  further  under  the  Garxet  Grocp  proper,  p.  414. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  sili- 
cate and  chloride  (sulphate,  sulphide)— thus  for  sodalite,  3NaAlSiO^  +  NaCl, 
etc. 
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Isometric^  perhaps  tetrahedral.  Common  form  the  dodecahedron.  Twins: 
tw.  pi.  Oy  forminj?  hexagonal  prisms  hy  elongation  in  the  direction  of  an 
octahedral  axis  (Fig.  368,  p.  123).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony,  formed  from  elseolite. 

Cleavage:  dodecahedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5-5-6.  G.  =  2*  14-2*30.  Luster  vitreous,  sometimes 
inclining  to  greasy.  Color  gray,  greenish,  yellowish,  white;  sometimes  blue, 
lavender-blue,  light  red.  Transparent  to  translucent.  Streak  uncolored. 
n   =  1*48^7  Na. 

^  Comp.-Na,( AlCl)Al,(8iOJ.  =  Silica  37-2,  alumina  31-6,  soda  25*6,  chlorine 
7-3  =  101-7,  deduct  (0  =  2C1)  1*7  =  100.  Potassium  renlaces  a  small  part  of 
the  sodium.     The  formula  may  also  be  written  3NaAlSi04  +  NaCl. 

Pyr.,  etc.— In  the  closed  tube  the  blue  varieties  become  ¥rhite  and  opaque.  B.B.  fuses 
with  HI  tumescence,  at  3*5-4,  to  a  colorless  glass.  Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Diff.— Recognized  in  thin  sections  by  its  very  low  refraction,  isotropic  character  and 
lack  of  good  cleavage;  also,  in  most  cases,  by  its  lack  of  color.  Distinguished  from  much 
analcite.  leucite  and  haQyuite  by  chemical  tests  alone;  dissolving  the  mineral  in  dilute  nitric 
acid  and  testing  for  chlorine  is  the  simplest  and  best. 

Obs. — SodaTite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  related  rock 
groups,  either  directly,  as  is  commonly  the  case,  as  a  product  of  the  crystallization  of  a 
magma  rich  in  soda;  also  as  a  product  associated  with  enclosed  masses  and  bombs  ejectea 
with  su'  h  magmas  in  the  form  of  lava,  as  at  Vesuvius.  Often  associated  with  nephelite 
(or  elseolite).  cancrinite  and  eudialyte.  With  sanidine  it  form  a  sodaliU-trachyU  nt  Scar- 
rupata  in  Iscliia,  in  crystals.  In  Sicily,  Val  di  Noto,  with  nephelite  and  analcite.  At 
Vesuvius,  in  bombs  on  Monte  Sonima  in  white,  translucent,  dodecaliedral  crystals;  massive 
and  of  a  gray  color  at  the  Kaiserstuhl;  also  near  Lake  Laach.  At  Ditro,  Transylvania,  in 
an  elaeolitc-syenite.  In  the  foyaite  of  soutliern  Portugal.  At  Minsk,  in  the  Ilmen  Mts.; 
in  the  nugite-syenite  of  the  Laiigesund-fiord  region  in  Norway.  Further  in  West  Green- 
kind  in  s(Klalite-sycniic;  the  peninsula  of  Kola. 

A  blue  mas-ive  variety  occurs  at  Litchfield  and  West  Gardiner,  Me.  Occurs  in  the 
theralite  of  the  Crazy  Mts.,  Montana;  also  at  Square  Butte.  Highwood  Mts.,  and  in  the 
Bearpaw  Mts.,  in  linguaite.  Occurs  also  in  the  elaeolite-syenite  of  Brome,  Brome  Co.,  and 
of  Montreal  and  Beloeil.  province  of  Quebec;  at  Duugannon,  Ontario,  in  large  blue  masses 
and  in  small  pnle  pink  crystals. 

HAUTNITi:.     Hatiyne. 

Isometric.     Sometimes  in  dodecahedrons,  octahedrons,  etc. 

Twins:  tw.  pi.  e\  contact-twins,  also  polysynthetic;  penetration-twins 
(Fig.  367,  p.  123).  Commonly  in  rounded  grains,  often  looking  like  crystals 
with  fused  surfaces. 

Cleavage:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  to 
uneven.  Brittle.  H.  =  5'5-6.  G.  =  2*4-2 '5.  Luster  vitreous,  to  somewhat 
greasy.  Color  bright  blue,  sky-blue,  greenish  blue  ;  asparagus-green,  red, 
yellow.  Streak  slightly  bluish  to  colorless.  Subtransparent  to  translucent; 
often  enclosing  symmetrically  arranged  inclusions  (Fig.  T97).    My  =  1'4961. 

Comp.— Na,Ca(NaS04.Al)Al,(Si04),.      This    is  analogous  to  the  garnet 

formula  (Brogger)  where  the  place  of  the  R,  is  taken  by  Na,',  Ca  and  the 

group  Na-0-SO,-0-Al.     The  percentage  composition  is:  Silica  32*0,  snlphnr 

trioxide  14-2,  alumina  27-2,  lime  10-0,  soda  16-6  =  100.    The  ratio  of  Na,  •  Ca 

also  varies   from  3:2;  potassium  may  be  present  in  small  amount.      The 

formula  may  also  be  written  2(Na„Ca)Al,(SiOJ,  -f  (Na„Ca)S04. 

P3rr.,  etc. — In  the  closed  tube  retains  its  color.  B.B.  in  the  forceps  fuses  at  4*5  to  a 
white  glass.  Fused  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silver. 
Decomposed  by  hydrochloric  acid  with  separation  of  gelatinous  silica. 


Oba. — Common  in  cerUtJD  [gneoui  rocks.  IhuB  In  ba&ynopliyre.  In  pbonolile,  teplirlle; 
very  coromouly  usociaied  witb  DepbellU  itud  leiiciU.  Occiira  iu  Ihe  VeiLiTJuD  laviii,  on 
Hte.  Somma;  at  Held,  oa  Mt.  Vultur,  Naples;  In  the  l&vas  of  Ibe  CampagDa,  Kome,  also 


Section  or  crjatnU  of  baaynite  (afier  MObI). 
in  the  peperiDO  near  Albano;  at  Nledenneudlg,  tn  tbe  Eifel;  the  phonoliiea  of  HobeDt> 

Noselite  or  Nosean.  Near  hnQynite,  but  coniaiuB  liltle  or  no  lime.  Color  giaykh, 
bluish,  brownish:  somellmea  nearly  opaque  from  Ihe  presence  of  Inclusione  (cf.  Fig.  797). 
Not  uncommon  in  pboDolite.     At  AnJerDacb,  tbe  Laacber  See,  and  elsewhere. 

I^AZURTTB.    Lapis-Lazuli.    Liisurfle. 

Isometric.     In  cubes  and  dodecahedrons.     Commonly  massive,  compact. 

Cleavage  :  dodecahedral,  imperfect  Fracture  nneven.  H.  =  5-5"5, 
G.  =  3'38-2'45.  Luster  vitreous.  Color  rich  Berlin-blue  or  azure-blue,  violet- 
blue,  greeniali  blue.     TranBhicent. 

Corap. — Esaentially  Na,(NaS,.Al)Al,(SiO,),  (Brogger),  but  containing  also 
in  molecular  combination  hauynite  and  sodalite.  The  percentage  composition 
of  this  ultramarine  compound  is  as  follows:  Silica  317,  alumina  2(j'9,  soda 
37-3,  sulphur  16-9  =  102-9,  or  deduct  (0  =  S)  2-9  =  100. 

The  lieterogeDcoiiacbiiraclcrof  wliat  bad  lout;  passed  as  a  simple  mineral  under  Ihe  name 
lApU-]a/ull  wAssbowii  by  Fischer  (16U9),  Zii'kel(  1878),  and  more  tuDy  by  Vugel sung  (1878). 
Tbe  ordiiinry  tinlural  lapU  tiizuU  (La^ursleiii)  is  ehowii  t)y  "Brbgger  and  BackstrOiu  to  con- 
taiti  lozurile  or  liaQynilc  (s<>mellmc8  cliangecl  to  a  zi-olite),  adiupside  free  from  Iron,  smpbl- 
bole  (koksbarovite).  mica  (miiitcovlte),  cnlclle,  pyrlle:  also  in  some  VBrieties  iii  relatively 
small  amount  scapotite,  plu^rioclase,  orlhooliue  (micropertbite?),  apatite,  titnnite,  zircon, 
and  no  undetermined  mintrnl  optically  +  ■"•!  probably  uniaiiai.  Regnrded  byUiOggeras 
a  reaiili  of  conliict  metnmorpliism  in  lime<ilone. 

Pyr.,  rto,  — Heiiled  in  the  cli«ed  lube  gives  off  some  moisturB;  the  variety  from  CblH 

flows  with  a  beelle-green  light,  but  the  color  of  the  mineral  renuiins  blue  on  cooling, 
'uses  easily  (3)  with  Inlumegccnce  lo  a  white  gliiss.  Dicomposed  by  hydrochloric  acid, 
wilh  separation  of  gelatinniig  siliea  and  evotiilloo  of  bvdn^n  sulphide. 

Ob*. — Occurs  in  Badakshan  In  ilin  valley  of  tlie  feokchii.  a  braacli  of  the  Oius,  a  few 
miles  above  Pirjnimu.  Also  at  the  s.inlh  end  of  L.  Baikal.  Further,  in  Chili  iu  tbe  Andes 
of  Oviille.     In  ej-cted  masses  at  Monie  Somma,  rai-e. 

The  richly  colored  viirieiies  of  lapis  la/.uli  arc  highly  esteemed  for  cosily  vases  and  oma- 
meiilnl  fiiroiiure;  also  einployi-d  in  llie  mnnnfaclure  of  uio^^eics:  and  when  powdered  con- 
stitutes the  rich  and  durable  paint  called  uUramariM.  This  has  been  replaced,  however, 
by  artiUcial  ullramarine,  now  an  important  commercial  product. 


Helvite  Group.    Isometric-tetrabedral. 
HelTite  (Mn,Fe),(Mn,8}Be,(SiO.), 

VtnaUte  (Fe,Zn,Mn),(  (Zn,Fe),8)Be,(SiO.). 

Eolytite  Bi.(SiO.), 

Zunylto  (Al(OH,F,Cl),).Al,(SiO.). 

The  Hbltite  Oboup  includes  several  rare  species,  iiometric-tetrahedral  in 
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crystallization  and  in  composition  related  to  the  species  of  the  SoDAUTS 
Oboup  and  also  to  those  of  the  Oabket  Oboup  which  follows: 


Isometric-tetrahedral.  Commonly  in  tetrahedral  crystals;  also  in  spheri- 
cal masses. 

Cleavage:  octahedral  in  traces.    Fractare  nneven  to  conchoidal.     Brittle. 
JH,  =  6-6'5.     G.  =  3'16-3'36.     Luster  vitreous,  inclining  to  resinous.     Color 
•honey-yellowy  inclining  to  yellowish  brown,  and  siskin-green,  reddish  browm 
Streak  uncolored.     Subtransparent.     n  =  1*739.     Pyroelectric. 

Comp.— (Be,Mn,Fe),Si.O„S.  This  may  be  written  (Mn,Fe),(Mn,S)Be,(SiO  ), 
(Brogger),  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S-Mn 
taking  the  place  of  a  bivalent  element,  R,  and  3Be  corresponding  to  2A1,  cL 
p.  415.     Composition  also  written  3(Be,Mn,Fe),SiO^.(Mn,Fe)S. 

P3rr.,  etc. — Fuses  at  3  in  RF.  with  iDtumescence  to  a  yellowish-brown  opaque  bead, 
ibecomine  durker  iu  R.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  by 
Ihydrochloric  acid,  with  evolution  of  hydrogen  sulphide  and  separation  of  gelatinous  silica. 
'  Obs. — Occurs  at  Schwarzenberg  and  Breitenbrunn,  in  Saxony;  at  Kapnik,  Ilungnry; 
lalso  in  the  pegmatite  veins  of  the  augite-syenite  of  the  Langesund  fiord;  in  the  Ilmen  Mts. 
pear  Minsk  in  pegmatite.  In  the  if.  S.,  with  spesstirtite  at  the  mica  mines  near  Amelia 
lOourt-House,  Amelia  Co..  Va.;  etc.  Named  by  Werner,  in  allusion  to  its  yellow  color, 
Ifrom  ^Aio?,  the  sun. 

Danalite.  (Be,Fe,Zn.Mn)7Si$Oit8.  In  octahedrons;  usually  massive.  H.  =  5*5-6. 
G.  =  3'427.  Color  flenh-red  to  gray.  Occurs  in  small  grains  in  the  Rockport  granite. 
Cape  Ann,  Mass.;  at  the  iron  mine  at  Bartlett,  N.  H.;  £1  Paso  Co.,  Colorado. 

XSul3rtite.  Bi4Si30it.  Wismuthblende,  Kieselwismuth  Grm.  Usually  in  minute 
tetrahedral  crystals;  also  in  spherical  forms.  H.  =  4*5.  G.  =  6106.  Color  dark  hair- 
brown  to  grayish,  straw-yellow,  or  colorless.  Foimd  with  native  bismuth  near  Scbuee- 
berg.  Saxony;  also  at  Joliuungeorgenstadt  in  crystals  on  quartz. 

Zunyite.  A  highly  basic  orthosilicate  of  aluminium,  (Al(OH.F.Cl)a)«AUSiiOi,.  In 
minute  transparent  tetrahedrons.  H.=  7.  G.=  2*875.  From  the  Zufii  mine,  near  Silver- 
ton,  San  Juan  Co.,  and  on  Red  Mountain,  Ouray  Co.,  Colorado. 


n  m 


4.  Garnet  Group.     Isometric. 

r 

R,R,(SiO,),  or  3RO.R,0,.3SiO,. 

n  n      II  ni  ni  m 

R  =  Ca,Mg,Fe,Mn.         R  =  Al,Fe,Cr,Ti. 


Gtwmet 

A.  Grossulauite  Ca,Al,(SiO,),         D.  Spessartite    Mn,Al,(SiO^). 

B.  Pyrope  Mg,Al,(SiOJ,        E.  Andradite      Ca,Fe,(Si04), 

C.  Almandite       Fe.Al,(SiOJ,  Also     (Ca,]Mg),Fe,(SiOJ„ 

Ca,Fe,((Si,Ti)0,). 
F.  UvAROViTE      Ca.Cr,(SiOJ, 
Schorlomite  Ca.(Fe,Ti),((Si,Ti)OJ, 

The  Garnet  Group  includes  a  series  of  important  sub-species  included 
under  the  same  specific  name.  They  all  crystallize  in  the  normal  group  of 
the  isometric  system  and  are  alike  in  habit,  the  dodecahedron  and  trapezo- 
hedron  being  the  common  forms.  They  have  also  the  same  general  formula, 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
varieties.     Some  of  the  garnets  include  titanium,  replacing  silicon^  and  thus 


\ 
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they  are  connected  -with  the  rare  species  schorlomite,  vhich  probably  also  haa 
the  same  genei-al  formula. 

Closely  lelHied  lo  ihe  Garmkt  Oroup  pro|HT  are  the  Rpecles  »( ilie  Sodiilite  and  Helvile 
Qroii[)s  {p.  411.  p.  413).     All  are  cbaroctcriEtd  by  fsomelric  crjUalliulioa,  and  all  are   - 
iiTthosilicaleB.  vhh  similar  clieiiiical  structure.     Tbua  llie  formula  of  the  Oaroet  Oroup  b 

R,R,(SiO,i.;  in  tliis  Sodalite  confonns  it  wrilten  N>i.(AICI)AI,(SiO,}>.  wliere  Nn.  and  the 
bivaleat  radical  AlCI  are  euulvaletit  to  Ri:  similarl}' for  Nosellie  (Haayuile)  it  thuprcMUce 
of  the  liiTMleril  group  NaSO,-A1  is  aasiiiited. 

Ill  the  Helvite  Group,  nhlch  li  chaTscterized  by  Ihi-  telrahednJ  characier  of  the  sp«deft 
(perhaps  true  also  of  I  he  Sodnlites).  Ibe  cbemiail  relalioD  I^lesa  close  but  probably  axisla, 
as  eihibtttKl  by  writing  llie  formula  of  Helvile  (Mu,F(;)(Mu,S)6ei(8iO.)i.  where  [be  hi  Talent 
group  -S-Mii-S-  eulers,  aud  3Be  muy  be  regnidcd  as  taking  the  place  of  9A1. 


GARHIIT. 

Isometric.  The  dodecahedron  and  trapezohedron,  ii  (~11),  the  commoa 
simple  forms;  also  these  in  combination,  or  with  the  hexoctanedron  3(321), 
Cubic  and  octahedral  faces  rare.  Often  in  irregular  embedded  grains.  Also 
mitssive;  granular,  coarse  or  fine,  and  sometimes  friable;  lamellur,  lamells 
thick  and  bent.     Sometimes  compact,  cryptocrystalline  like  nephrite. 


798. 


7»9. 


SOO. 


Parting:  rf  sometimes  rather  distinct.  Fractnre  aubconchoiiial  to  uneven. 
Brittle,  sometimes  friable  when  granular  massive;  verytouffh  when  compact 
cryptocrvstalliiie.  H.  =  6'5-T'5.  G.  =  3'15— f3,  varying  with  the  composi- 
tion. Luster  vitreous  to  resinous.  Color  red,  brown,  yellow,  white,  apple- 
green,  blaok;  some  red  and  green,  colors  often  bright.  Stieak  white. 
Transparent  to  su btranslucent.  Often  exhibits  anomalous  double  refraction, 
esppciullv  grossularite  (also  topazolite,  etc.),  see  Art.  411.  Kefractive  index 
rather  high,  thus  n,  for: 

GroMularite  1'764S,  Pyrope  1-7TTC,  AlmaDdite  1-7716. 
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u  in 
Comp.,  Tar. — Au  orthosilicate  having  the  general  formala  B,K,(Si04),  or 

3RO.R,Ot.3SiO,.     The  bivalent  element  may  be  calcium,  magnesium,  ferrous 

iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chromium, 

rarely  titanium;  further,  silicon  is  also  sometimes  replaced  by  titanium. 

There  are  three  prominent  groups,  and  various  subdivisions  under  each, 

many  of  these  blending  into  each  other. 

I.  Aluminium  Garnet,  including 

A.  GR088ULARITJ5     Calcium- Aluminium  Garnet        Ca,Al,(SiOJ, 

B.  Pyrope  Magnesium-Aluminium  Garnet  Mg,Al,(SiO^), 

C.  Almakdite  Iron-Aluminium  Garnet  Fe,Al,(SiOJ, 

D.  Spbssartite        Manganese- Aluminium  Garnet    Mn,Al,(SiOJ, 

II.  Iro7i  Garnet,  including 

E.  Andradite         Calcium-Iron  Garnet  Ca,Fe,(Si04), 
(1)  Ordinary.    (2)  Magnesian.   (3)  Titaniferous.   (4)  Yttriferons. 

III.  Chromium  Garnet. 

F.  UvAROViTE  Calcium-Chromium  Garnet         Ca,Cr,(Si04)« 

Tbe  uame  Garnet  is  from  the  Latin  granaius,  meaning  like  a  grain,  and  directly  from 
pomegranate,  the  seeds  of  which  are  small,  numerous,  and  red,  in  allusion  to  the  aspect  of 
Che  crystals. 

A.  Grossularite.  Essonite  or  Hessonite.  Cinnamon-stone.  Calcium^ 
aluminium  Garnet.  Formula  3CaO.Al,0,.3SiO,  =  Silica  40  0,  alumina  22*7, 
lime  37  3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  and 
feme  iron  replacing  aluminium,  and  hence  graduating  toward  groups  C  and 
E.  G.  =  3  55  to  3*66.  Color  (a)  colorless  to  white;  (A)  pale  green ;  (^)  amber- 
and  honey-yellow;  (d)  wine-yellow, brownish  yellow, cinnamon-brown;  (e)  rose- 
red;  rarely  {f\  emerald-green  from  the  presence  of  chromium.  Often  shows 
optical  anomalies  (Art.  411). 

The  original  grossularite  (mluite  pt.)  included  the  pale  green  from  Siberia,  and  was  so 
named  from  the  botanical  name  for  the  gooseberry;  G.  =8*42-3*72.  Cinnamon-ttons,  or 
essonite  (more  properly  hessonite),  included  a  cinnamon-colored  variety  fn)m  Ceylon,  there 
called  hyacinth;  but  under  this  name  the  yi-llow  and  yellowish-red  kinds  are  usually 
included;  named  from  rjaatay,  infei^ior,  because  of  less  hardness  \\\\\n  the  true  hyaclDth 
which  it  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  valley,  PiedmonL 
Momauzotrite  is  brown. 

Pale  green,  yellowish,  and  yellow-brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolite.  deroanloid,  etc.)  belong  to  the  group  of  Calcium-Iron  Garnet,  or 
Audruditc. 

B.  Pyrope.  Precious  garnet  pt.  Magnesium-aluminium  Garnet.  For- 
mula 3MgO.Al,0,.3SiO,  =  Silica  44*8,  alumina  25-4,  magnesia  29-8  ==  100. 
Magnesia  predominates,  but  calcium  and  iron  are  also  present;  the  original 
pyrope  also  contained  chromium.  G.  =  3*70-3*75.  Color  deep  red  to  nearly 
black.  Often  perfectly^  transparent  and  then  prized  as  a  gem.  The  name 
pyrope  is  from  nvpoonoi,  fire-like. 

li/iodolite,  of  delicate  shades  of  pale  rose- red  and  purple,  brilliant  by  reflected  llRhty 
•corresponds  in  composition  to  two  parts  of  pyrope  and  one  of  almanditc;  from  Macon  Co., 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  pt.  Common  garnet  pt. 
Iron-alitminium  Garnet.  Formula  3FeO.Al,0,.3SiO,  =  Silica  36*2,  alumina 
1?0'5,  iron  protoxide  43*3  =  100.  Ferric  iron  replaces  the  aluminium  to  a 
greater  or  less  extent.     Magnesium  also  replaces  the  ferrous  iron,  and  thus 
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it  gradaates  towftrd  pjiope,  cL  rhodolite  abore.  O.  =  3*9-4*^.  Color  fine 
deep  red,  transparent,  in  precious  garnet;  brownish  red,  translucent  or  sub- 
translucent,  in  common  garnet;  black.  Part  of  common  garnet  belongs  to 
Andradtie. 

Tbe  AUhandic  carbunclet  of  Pliny  were  so  called  because  cut  and  polished  at  Alabanda. 
Heoce  the  name  alniandine  or  almandite,  now  iu  use. 

D.  Spessartite.  Spessartine.  MangaHest^luminium  Garnet,  Formula 
3MQO.A],0,.3SiO,  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43*0  = 
100.  Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.  G.  =  4*0-4*3.  Color  dark  hyacinth-red, 
sometimes  with  a  tinge  of  yiolet,  to  brownish  red. 

£.  AxDRADiTE.  Common  Garnet,  Black  Garnet,  etc.  Calciufn-iron 
Garnet.  Formula  3CaO.Fe,0,.3SiO,  =  Silica  355,  iron  sesquioxide  315, 
lime  33*0  =  100.  Aluminium  replac^  the  ferric  iron;  ferrous  iron,  manga- 
nese and  sometimes  magnesium  replace  the  calcium.  G.  =  3*8-3*9.  Colors 
Tarious:  wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald-green; 
brownish  red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish 
black,  black. 

Named  AndrcidUe  after  the  Portuguese  mineralogist,  d'Audrada,  who  in  1800  described 
and  named  one  of  the  included  subvarieties,  AUochroite.  Chemically  there  are  the  follow- 
ing varieties: 

1.  Simple  Calcium-iron  Oarnet,  in  which  tbe  protoxides  are  wholly  or  almost  wholly 
lime.  Includes:  (a)  Topa2oUte,  having  tbe  color  and  transparency  of  topaz,  and  also 
sometimes  green;  crystals  of  ten  showing  a  vicinal  hezoctahedron.  Demantoid^  a  gmss-green 
to  emerald-green  variety  with  brilliant  diamond-like  luster,  used  as  a  gem.  (//)  Colophonite, 
a  coarse  granular  kind,  brownish  yellow  to  dark  reddish  brown  in  color,  resinous  iu  luster, 
and  usually  with  iridescent  hues;  named  iifler  the  resin  colophony,  {c)  NeUtnite  (fi-om 
MdXa^i,  black),  black,  either  dull  or  lustrous;  but  all  blnck  garnet  is  i:ol  here  included. 
Pyreneite  is  grayish  black  melauite.  {d)  Dark  green  garnet,  not  distinguishable  from  some 
allochroite,  except  by  chemical  trials. 

2.  MangancHan  CcUcium-iron  Oarnet.  (a)  RoUioffite.  The  original  alhchiviU  was  a 
maoganesiau  iron-garnet  of  brown  or  i^eddish-browu  color,  and  of  fine-grained  massive 
structure.  RothoffUe,  from  L&ngban,  is  similar,  yellowish  brown  to  liver-brown.  Other 
common  kinds  of  manganesian  iron-garnet  are  light  and  dark,  dusky  green  and  black,  and 
ofteu  in  crystals.  Polycklelphiic  is  a  massive  brownish-yellow  kind,  from  Franklin  Furnace, 
N.  J.  Bredbcrffite,  from  Sala,  contains  a  large  amount  of  magnesia,  (b)  Aplome  (properly 
haplome)  has  its  dodecahedral  faces  striated  parallel  to  llie  shorter  ditigoual.  whence  HaQy 
inferred  that  the  fundamental  form  was  the  cube;  and  as  this  form  is  simpler  than  the 
dodecahedron,  he  gave  it  a  name  derived  from  a;rAooc,  simple.  Color  of  tbe  original 
aplome  (of  unknown  locality)  dark  brown;  also  found  yellowish  green  and  brownish  green 
at  Schwarzenberg  iu  Saxony,  and  on  the  Lena  in  Siberia. 

3.  Titaniferoutt.  Contains  titanium  and  probably  lK»th  TiO«  and  TisOs;  formula  hence 
8CaO.(Fe,Ti.  Al),0,.3(Si.Ti)0,.     It  thus  graduates  toward  schorlomite.     Color  black. 

4.  TttrtferouM  Calcium-iron  Oarnet;  YtUrgranaL  Contains  yttria  iu  small  amount; 
rare. 

F.  UvAROViTE.  Ouvarovite.  Uwarowit.  Calciinn-chromium  Garnet, 
Formula  3CaO.Cr,0,.3SiO,  =  Silica  35*9,  chromium  sesquioxide  30*6,  lime 
:]3r)  =  100.  Aluminium  takes  the  place  of  the  chromium  in  part.  H.  =  7*5. 
G.  =  3*4 1-3-52.     Color  emerald-green. 

Pyr.,  etc. — Most  varieties  of  garnet  fuse  easily  to  a  light  brown  or  black  glass;  F.  =  8 
in  almanditc,  spessartite,  groasularite,  and  allochroite;  8*5  in  pyrope;  but  uvarovite,  the 
chrome-garnet,  is  almost  infusible,  F.  =  6.  Allochroite  and  almandite  fuse  to  a  magnetic 
globule.  Reactions  with  the  fluxes  vary  with  the  bases.  Almost  all  kinds  react  for  iron; 
strong  manganese  reaction  in  spessartite,  aud  less  marked  in  other  varieties;  a  chromium 
reaction  in  uvarovite.  and  in  most  pyrope.  Some  varieties  are  partially  decomposed  by 
acids;  all  except  uvarovite  are  after  iniition  decomposed  by  hydrochloric  acid,  and  gen- 
erally with  separation  of  gelatinotis  silica  on  evaporation.  Decomposed  on  fusion  with 
alkulinc  carbonates. 
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The  density  of  gamets  is  Itirgely  diminished  by  fusion.  Thus  a  Greenland  garnet  fell 
from  3*90  to  8*05  on  fusion,  and  a  Vilui  gro-sulnrite  from  3*6^  lo  2*95. 

Di£f. — Characterized  by  isometric  crystallization,  usually  in  isolated  crystals,  dodecahe- 
drons or  trapezohedrous;  massive  forms  rare,  then  usually  granular.  Alsodisliuguiabed  by 
hardness,  vitreous  luster,  and  in  the  couiuiou  kinds  the  fusibility.  Yesuviauite  fuses  more 
easily,  zircon  and  quartz  are  infusible;  the  specific  gravity  is  higher  than  for  tourmaline, 
from  which  it  differs  in  form;  it  is  much  harder  than  sphalerite. 

Distinguished  in  thin  sections  by  its  very  high  relief;  lack  of  cleavage;  isotropic 
character;  usually  shows  a  pale  pink  color;  ^ometimes  not  readily  tohl  from  some  of  the 
spinels. 

Obs. — Orosiulariie  is  especially  characteristic  of  metamorphosed  impure  calcareous 
rocks,  whether  altered  by  local  igneous  or  general  meuimorphic  processes;  ii  is  thus 
commonly  found  in  the  contact  zone  of  intruded  ignt  ous  ix>cksand  in  the  crystalline  schists. 
Almandite  is  characteristic  of  the  mica  schists  and  metamorphic  rocks  coniainuig  alumina 
and  iron;  it  occurs  also  in  some  igneous  r«»cks  as  the  result  of  later  tiynauiic  and  metamor- 
phic processes;  it  forms  with  smanigdite  the  rock  ec.ogile.  Pyrope  is  especially  character- 
istic  of  such  basic  igneous  rocks  as  are  formed  from  mai^mas  containing  much  magnesia 
and  iron  with  little  or  no  alkalies,  as  the  peridoiites.  dunites,  etc.;  also  found  iu  the 
serpentines  formed  from  these  rocks;  then  often  associated  with  spinel,  chromiie.  etc 
Spessartite  occurs  in  granitic  rocks,  in  quartzite,  in  whetstone  schi^tts  (Belgium):  it  has 
been  noted  with  topaz  in  lithophyscs  iu  rh yolite  (Colorado).  The  black  variety  of  andnidite, 
melaniie,  is  common  iu  eruptive  rocks,  ej4|>ecially  with  nephelite,  leiicite,  thus  in  phonolites, 
QQ^  leucitophyres,  nephelinites:  in  Siich  cases  often  titanifer- 

ous  or  associated  with  a  titaniferous  garnet,  sometimes  in 
zonal  intergrowth;  it  also  occurs  as  a  product  of  contact 
metaraorphism.  Demantoid  occurs  in  serpentine.  Utaro- 
viie  belongs  particularly  with  chromite  iu  serpentine;  it 
occurs  also  in  granular  limestone. 

Garnet  crystals  often  contain  inclusions  of  foreign 
matter,  but  only  iu  part  due  to  alteration;  a\  vesuvianite, 
calcite.  epidote,  quartz  (Fig.  472,  p.  141);  at  times  the 
garnet  is  a  mere  shell,  or  perimorph,  surrounding  a  nucleus 
of  another  species.  A  bhick  garnet  from  Arendal.  Nor- 
way, contains  both  calcite  and  epidote:  crystals  from 
Tvedestrand  are  wholly  calcite  within,  there  being  but  a 
thin  crust  of  garnet.  Crystals  from  East  Woocistock, 
Maine,  are  dodecahedrons  with  a  thin  shell  of  cinna- 
mon-stone enclosing  calcite;  others  from  Raymond,  Me., 
show  successive  layera  of  garnet  and  calcite.     Many  such  cases  have  bern  noted. 

Garnets  are  often  altered,  thus  to  chlorite,  serpentine:  even  to  limoniie.  Crystals  of 
pyrope  are  sometimes  surrounded  by  a  chloritic  zone  (kel3'phite  of  Schrauf)  not  homoge- 
neous, as  shown  in  Fig.  804. 

Among  prominent  foreign  localities  of  garnets,  besides  those  already  mentioned,  are  the 
following — Ghossulakite:  Fine  cinuamon-stone  comes  from  Ceylon;  on  the  Mussa-Alp  in 
the  Ala  valley  in  Piedmont,  with  clinochlore  and  diopside;  at  Zermait;  pale  yellow  at  Auer- 
bach;  brownish  (romamovUe)  at  Kimito  in  Finland;  honey-yellow  octahedrons  in  Ellm;  pale 
greenish  from  the  banks  of  the  Vilui  in  Siberia,  in  serpentine  with  vcsuvianite;  also  from 
Cziklowa  and  Orawitza  in  the  Banat;  with  vesuvianite  and  wollastonite  iu  ejected  masses  at 
Vesuvius;  in  while  or  colorless  crystals  iu  Tellemark,  in  Norway;  also  dark  brown  at  Mudgee, 
New  South  Wales;  dark  honey-yellow  at  Guadalcazar,  and  clear  pink  or  rose-red  dodeca- 
he<lrons  at  Morelos,  Mexico. 

Pyuope:  In  serpentine  (from  peridotite)  near  Meronitz  and  the  valley  of  Krems,  in 
Boheuiia  (used  as  a  gem);  at  Z5blitz  in  Saxony;  in  the  Vosges;  in  the  diamond  diggings  of 
South  Africa  ("Cape  rubies").  Almandite:  Common  in  granite,  gneiss,  eclogite,  etc., 
in  many  localities  in  Saxony,  Silesia,  etc.;  at  Eppenreuth  near  Hof,  Bavaria;  in  large 
dodecahedrons  at  Falun  in  Sweden  :  hyacinth-red  or  brown  in  the  Zillerthal.  TyroL 
Precious  garnet  comes  in  tine  crystals  from  Ceylon,  Pegu.  British  India,  Brazil,  and  Green- 
laud.  Spessaktite:  From  Aschaffenbuvir  in  the  Spessart.  Bavaiia;  at  St.  Murcel,  Pied- 
mont; near  Chanteloube,  Haute- Vienne.  etc. 

Andradtte:  The  beautiful  green  demantoid  or  "  Uraliau  emerald  "  occurs  iu  transparent 
greenish  rolled  pebbles,  also  in  crystals,  in  the  gold  washings  of  Nizimi-Tagilsk  in  the  Ural; 
green  crystals  occur  at  Schwarzen  berg,  Saxony;  brown  to  green  at  MorawitzaaudDognacska; 
emerald-green  at  Dobschau;  in  the  Ala  valley.  Piedmont,  the  yellow  to  greenish  topaaoHie, 
Allochroite,  apple-green  and  yellowish,  occurs  at  Zermatt;   black  crystals  {melaniie),  also 
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brown,  at  Vesuvius  on  Mte.  Somma:  near  Bareges  in  the  Hautes-Pyreuees  {pyreneits). 
Aplome  occurs  at  Schwarzeuberg  in  Saxony,  in  brown  to  black  crystals.  Other  localities  are 
Ptitschthul.  Tyrol;  ULngban,  Sweden;  Pitkftrauta,  Finland;  Areudul,  Norway.  UYAROYrrB: 
Found  at  Sarauovskaya  near  Bisersk,  also  in  the  vicinity  of  Kyshtymsk,  Ural,  iu  chromic 
iron;  at  JordansmQhl,  Silesia;  Pic  Posets  near  Venasque  in  the  Pyrenees  on  chromite. 

In  N.  Amenca,  in  Maine,  beautiful  crystals  of  cinnamon-stone  (with  vesuviauite)  occur 
at  Parsonsfield.  Phippsburg,  and  Rumford.  In  N.  Hamp.,  at  Hanover,  small  clear  crystals 
in  gneiss;  at  Warren,  cinnamon  garnets;  at  Grafton.  In  Vermont,  at  New  Fane,  in  chlorite 
slate.  In  Mius  ,  in  gneiss  at  Brookfield;  in  fine  dark  red  or  nearly  black  tnipeax>hedral 
crystals  at  Russell,  sometimes  very  large.  In  Conn  ,  trapezohedrons,  in  mica  slate,  at  Reading 
nud  Monroe;  dodecahedrons  at  Southbury;  at  Haddam.  crystals  of  spessartite.  In  N.  York, 
brown  crystals  at  Crown  Point,  Essex  Co.;  colophonite  as  a  large  vein  at  Willsboro.  Essex 
Co.;  in  Middletown,  Delaware  Co  .  large  brown  crysl. ;  a  cinnamon  variety  at  Amity.  In 
N.  Jersey,  at  Franklin,  black,  brown,  yellow,  red,  and  green  dodecahedral  garnets;  also 
near  the  Fnmklin  Funmce  (poly adelphite).  In  Penn.,  in  Chester  Co.,  at  Pennsbury.  fine 
dark  brown  crystals;  near  Knauertown;  at  Chester,  brown;  in  Concord,  on  Green's  Creek, 
resembling  pyrope;  in  Leiperville,  red;  at  Mineral  Hill,  fine  brown;  at  Avondale  quarry, 
fine  hessonite:  uvarovite  at  Woods'  chrome  mine,  Lancaster  Co.  In  Virginia,  beautiful 
transparent  spessartite,  used  as  a  gem,  at  the  mica  mines  at  Amelia  Court-Housc.  In  N. 
Carolina,  fine  cinnamon-stone  at  Biakersville;  red  fi:arnets  in  the  gold  washing  of  Burke, 
McDowell,  luid  Alexin  der  counties;  rhodolite  in  Macon  Co.;  also  mined  near  Morgan  town 
and  Warlich,  Burke  Co.,  to  be  useil  as  ** emery,"  and  as  *' garnet- paper."  In  Kentucky^ 
fine  pyro|>e  in  the  peridotite  of  Ellis  Co.  In  Arkansas,  at  Magnet  Cove,  a  titaniferous 
nielanite  with  schorlomite.  Large  dodecahedral  crystals  altered  to  chlorite  occur  at  the 
Spurr  Mt.  iron  mine,  Lake  Superior.  In  Colorado,  at  Nathrop.  fine  spessartite  crystals  in 
liihophyses  iu  rhyoliie;  in  large  dodecahedral  crystals  at  Ruby  Mt.,  Salida,  Chaffee  Co., 
the  exterior  altered  to  chlorite.  In  Arizona,  yellow-green  crystals  in  the  Gila  cafion;  pyrope 
on  the  Colorado  river  in  the  western  part  of  the  territory.  New  Mexico,  fine  pyrope  on  the 
Navajo  reservation  with  chrysolite  and  a  chrome-pyroxene.  In  California,  green  with  copper 
ore.  Hope  Valley,  El  Dorado  Co.;  uvarovite,  in  crystals  on  chromite,  at  New  Idria.  Fine 
cr}'stals  of  a  rich  red  color  and  an  inch  or  more  in  diameter  occur  in  the  mica  schists  at 
Fort  Wningell,  month  of  the  Stickeen  R.,  in  Alaska. 

In  Canada,  at  Marmora,  dark  red;  at  Grenville,  a  cinnamon-stone;  an  emerald-green 
chrome-garnet,  at  Orfonl,  Quebec,  with  millerite  and  calcite;  fine  colorless  to  pale  olive- 
green,  or  brownish  crystals,  at  Wakefield,  Ottawa  Co.,  Quebec,  with  white  pyroxene, 
honey-yellow  vesuvianite,  etc..  also  others  bright  green  carrying  chromium;  dark  red  garnet 
in  the  townslii])s  of  Villeneuve  (spessartite)  and  Templeton. 

Schorlomite.  Prolmbly  analogous  to  garnet.  3CaO.(Fe.Ti^aO,.3(8i,Ti)0,.  Schorlamit. 
Usually  nmssive,  black,  with  conchoidal  fracture  and  vitreous  hister.  H.  =  7-75.  G.  = 
3  8 1-3 '88.     From  Magnet  Cove,  Arkansas. 


Partschinite.  (Mn.Fe)8AUSisOia  like  spessartite.  In  small  dull  crystals  (monoclinic). 
H.=  6'5-7.  G.=  4006.  Color  yellowish,  i-eddish.  From  the  auriferous  sands  of  Olahpian, 
Transylvania. 

Agricolite.  Same  as  for  eulytite,  BiiSisOis,  but  monoclinic.  In  globular  or  semi- 
globular  forms.     From  Johanngcorgenstadt. 
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Forsterite 
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60°  43' 
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;  1 

:  0-5857 

Chrysolite 

(Mg,FeVSiO, 

49°  57' 

60°  47' 

0-4656  : 

;  1  ; 

:  0  5865 

Hortonolite 

(Fe,Mg,Mn),SiO, 

Payalite 

Fe,SiO, 

49°  15' 

60°  10' 

0-4584  : 

;  1 

:  0-5793 

Knebelite 

(Fe,Mn).SiO, 

Tepluroite 

Mn.SiO, 

49°  24' 

61°  25' 

0  4600  : 

;  1  : 

:  0-5939 

DESCBIPTITE   HIHERALOOT. 


The  Chrysolite  Gkovp  includes  a  seriee  of  orthosilic&tea  of  magneaiBin, 
calcium,  iron  und  inaugutiese.  Tiiej  uli  crystalllize  in  the  orthorhombic  STBtem 
witii  but  little  variation  in  axial  ratio.  The  prismatic  angle  is  about  50  ,  and 
that  of  the  unit  brachjJonie  about  liO";  corresponding  to  the  latter  threefold 
twins  are  observed.  The  type  species  is  chrysolite  (or  olivine),  which  contaJDS 
both  magnesium  and  irou  in  varying  prupurtioiiB  and  is  hence  intermediate 
between  the  comparatively  rare  magnesium  and  iron  silicates. 

Iti  foim  Ilie  sLiecieti  ut  tlie  Cliryhuliie  Ui<iU|j.  KiSiOi,  aru  closely  i-eliiled  In  iiu^Ie  to 
Chi)'S<iberyl.  B«A.iO.:  nlsn  goniewliut  less  closely  lo  ilie  stjecle-i  of  llie  Pinspure  Uroup, 
H,AI,0,,  eic.  Cf.  BrSg^er.  Za.  KryM..  18.  »i7.  imt.  There  is  also  ao  Juteresliug  nlmioD 
between  llie  chrywlltes  und  Ihu  huniiles  tsee  p.  448} 


OHRTSOUm.     Olivine 
Orthorhombic. 


=  (W6575  :  1  :  05865. 

.  mm.'",  110  A  110=    4(l"ffr. 
130  A  iaO  =    94*  4f. 


aft. 


\  101  =  108°  e*.' 


40°   v. 


J"'  121  A  131  =  Ti'  IV.  ■ 
Twins  »re:  tw.  pi.  h  (Oil)  with  cc  =  60° 
47',  penetration-twins,  sometimes  repeated; 
tw.  pi.  w  (012),  the  vertical  axes  crossing  at  an 
angle  of  about  '.M°,  since  cc  —  32°  41'.  Crystals 
often  flattened  I  a  or  />  {of.  Fig.  63,  p.  27),  less 
sive,  compact,  or  granular;  in  embedded  grains. 
Cleavage;  ^'rather  distinct;  a  less  so.  Fracture  conchoidal.  Brittle.  II.  = 
6'5-7.  G.  =  3-27-3-37,  increasing  with  the  amount  of  iron ;  3-57  foC  hyalosider- 
ite  (30  p.  c.  FeO).  Luster  vitreous.  Color  green— commonly  olive-green,  some- 
times brownish,  grayish  red,  grayish  green,  becoming  ydlowish  brown  or  red 
by  o.tidatiou  of  the  iron.  Streak  usually  nncolored.  rarely  yellowish.  Trans- 
parent to  translucent.  Optically  +.  A.x.  pi.  U  c.  Bx  X  "-  Dispersion  p  <  v, 
weak.     2H,^,  =  lOo"  58'.     p^  =  leiS.     Birefringence  high,  y  -  a  =  0-036. 


mmonly  elongated  |  i. 


Var. — Prtciout. —  (it  a  pule  yell owisb -green  coliir,  nod  trauapiir 
Occiisionally  secu  In  muMcE  as  lari^e  as  "a  lur key's  egg,"  ' 
bsa  long  been  lirongbt  frr)in  tlje  Tieviiut  Tor  jewelry,  but  11 

Common  ;   Olivine. — Dark  yellowUli  Krei-a  lo  ulive-  o 
DisoenilniLled  In  crybUts  or  grains  in   ba^c  igiieiiu^ 
Tockn.  Iinsiilt  anil  busallic  lavas,  elc.'     UyatotidirUt 
la  H  liigbly  ferruginous  viiriety. 

Comp.— (Mg,Fe),SiO.  or  2(Mg.Fe)0.SiO,. 
The  nitio  oif  Mg  ;  Pe  varies  wid«lv,  from 
16  :  1,  12  :  1,  etc.,  to  2  ;  1  in  hyaloaidente, 
and  hence  passing  from  fosterite  on  tlie  one 
side  to  fayalite  on  the  other.  No  sharp  line  •■*" 
can  be  drawn  on  either  aide.  Titanium 
dioxide  is  sometimes  present  replacing  silica; 
also  tin  and  nickel  in  minute  quantities 

Pyr..  etc.— B.B.  wbileas,  but  is  infusible  in  mnst 
casesi  byalosideriie  SDd  oilier  viirjciies  ricb  Id  Iron 
tune  lo  n  lilack  rnHgneiic  globule:   some  kiiuls  lurn 

Dg.     With  tbe  Quxei  gives  rcaciioiis  for  Irnu.     Snme  varietlea  give  rMcUons 


O.  =  3-441,  8  SSI. 

__.  .V  HLucb  smaller.     It 

e  exact  lucv'tiy  is  doe  known, 
r   botlleifVeeD.     G.  =  8  28-3-40. 


^ 


M»^ 


red  upon  henting. 
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for  UtaDiurn  and  maugKoeae,  Decompoecd  hy  bydrocbloiic  and  sulphuric  acids  with 
aepamtiun  i>r  gulatiuous  silica. 

Difl — Cbuructcrizeti  liy  its  Infusibililf,  Ihe  jellow-gresD  color,  granular  form  aod 
cleavage  iqiiiiriz  bwi  iiooe). 

Recngnized  in  thin  secilons  by  lla  high  relief;  lack  of  color:  its  few  but  marked  rough 
cleavage -cracks;  liigb  interfereDce-color*.  which  are  usually  the  brilliaDt  and  prooouoMd 
lones  uf  the  Becomf  order;  parallel  extinctioD;  biaxial  character;  characteristic  outlioeft 
aoa  809.  810. 


U/^^ 


(usually^  with  acute  lermiDalions)  when  in  dlstioct  crystals  (figs.  807-800),  its  frequent 
asaociaiiou  with  irou  ore  atnl  au.:11e,  and  its  very  coinmou  BlteralioD.  in  n  greaier  or  lesser 
degree,  to  serpeulliie,  the  first  st]iges  being  marked  by  the  separalioa  uf  iron-ore  gratn» 
ali^iiir  Ihf  lines  of  fracture  (Fig.  BlO). 

Oba.— Chrysolite  (olivine)  haa  two  disllnct  inerhods  of  occurrence:  (a)  in  igucoua  rocks, 
as  banuli.  furineil  by  the  crystal  I  iza  linn  of  magmas  low  in  silica  and  rich  in  magnesia;  from 
nn  accessory: CO mpOQCDt  In  such  rocks  the  olivine  may  iocrease  in  amouul  until  it  la  Ihe 
m^iin  rock  (.'oiisiitueut  as  iti  the  duniiea:  also  (i)  as  the  product  of  memmorpbism  of  certain 
Bed  i  I II  en  til  ry  r>i'ks  coutHloiug  inngnesla  aod  silica,  iis  it)  impure  doluniiti-8.  lu  the  duniteft 
and  pcridoiilesof  igueui is  origin  the  chrysolite  is  commonly  associated  wiih  chrimiite,  spinel, 
pyn>pe,  el'-.,  wliich  nre  viilnuble  indicmiuns  also  of  the  origin  of  scrpcmiries  derived  from 
olivine.  In  Ihe  melamorpliic  rock*  the  above  are  wanting,  and  carlionules,  as  dolomile, 
brfuiiDeriic.  m.ni,'nesite.  «tc  .  are  ilie  comtnou  associalioiis;  cbrysolitic  rocks  of  this  latter 
kind  may  h1<o  occur  nllered  to  Hcrpeiiliiie. 

Chrysiiliic  also  i>c<;urs  in  gruins,  rarely  crystals,  embedded  in  some  meteoric  irons.    Also 
present  in  meieorlc  sloncs.  frequently  in  s[>herical  forms,  or  chotidrules,  sometimes  made 
upoF  a  muhllndeor  grains  witb  like  (or  unlike)  optical  orientation 
cnclosinL.'  glass  between  (Fig.  811).  Sl^- 

Amoni!  llie  mote  prominent  locnillies  are:  VesuvitiK  in  Inva 
and  oil  Moniu  Soinmn  In  ejected  mas-Hi-s.  with  iintiife  mic:i  elc 
Oliserveii  in  tlie  -.i.  called  sinMin  -  bomlM  al  the  Lanch.r  Bi^-  at 
F<>rstl«r^'iieHrM..yeni.iihi--EifeUndformingtl.emn8sof"olivliie 
lK>inli»"  in  the  r>..N5cr  W.-iher  near  Daun  tn  thf  siimcregion  al 
Sasbac^h  in  thi-  Kai^rs'iilil,  Baden  l'-valo*idenle)  In  Sweden 
with  oredepiHilH.  :l«  at  LAnghan.  Pajslierg,  Pemherg.  elc  In 
serpe.iiitie  nt  Sni.ruin.  Norwav.  in  large' cryslnU.  ibemnelves 
nltiT.'.i  i„  (hi:  same  mineral  Common  In  Ihe  volcanic  P>cka  of 
Sicily,  ilie  Smdwidi  Man  is.  the  Azort*.  etc. 

In  Ilie  U   S  .  Ill  TlietTord  and  Nr.rwith,  Vermonl.  in  bmil.lera 
of  coanely  crvsi.   Iiamlt.  the  crvs<als  or  massm  spveml  U 
(hrougb.     In   oliviiip  gabbro  of  "Walerviiie.  In  tlie  While 
N   H  :   at  W.lHier.  in  Jack-on  Co..  N.  C  .  with  serpenlint 
chrom'te:  with  chromlle  in  Loudon  Co,  Va. ;   In  Lancaster 

Pa.  In  snwll  clear  olive-green  grains  with  garnet  al  some  points  fn  Ariwmn  and  New 
Mexico.  Ill  h»s«li  in  Canada,  near  Montreal,  at  Rougemont  and  Mounts  Royal  aod  Moo- 
tarville.  and  in  eruptive  rocks  at  other  points. 


Chrvsollic  '■hondnil* 
from  the  Knvnhinya 
■|e(xl0.1iam.). 
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Alteration  of  chrysolite  often  takes  place  through  the  oxidation  of  the  iron;  the  mineiml 
becomes  brownish  or  reddish  brown  and  iridescent.  The  process  may  end  in  leaving  the 
cavity  of  tlie  crystul  filled  with  liuionite  or  rtd  oxide  of  iron.  A  very  common  kind  of 
Alteruliou  is  to  the  hydrous  uingnesiiim  silicate,  serpentine,  with  the  puriial  removal  of  the 
iron  or  its  separation  in  the  form  of  grains  of  magnetite,  also  as  iron  sesquioxide;  this 
change  has  often  taken  place  on  a  large  hcale.     See  further  under  serpentine,  p.  477. 

Chrysolite  is  naned  from  ;t/^t;o'Jb.  gold,  and  Xt^oi.  The  hyalosiderite,  from  CaXoi, 
glass,  and  aiSf/fjoi,  iron.  The  cfirysolWius  of  Pliny  was  probably  our  topaz;  and  his  topag 
our  ehrysoliU. 

Iddingsite.  From  the  rock  carmeloite  of  Carmelo  Bay,  California;  a  silicate  resembling 
an  altered  chrysolite,  exact  composition  undetermined.  Orthorhombic,  foliated  and  cleavable. 
G.  =  3-839.     Color  brown. 

The  axial  niiios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  419.     The  species  are  briefly  characterized  as  follows: 

Monticellite.  CaMgSi04.  Occurs  in  colorless  to  gray  crystals  on  Mte.  Somma  ;  in 
masses  {batrae'iile)  on  Su.  Monzoni,  Tyrol;  in  crystals  or  grams  in  limestone  at  Magnet 
Cove.  Arkansjis.     G.  =  3  03-3  25. 

Forsterite.  MgaSi04.  Occurs  in  white  crystals  at  Vesuvius;  in  greenish  or  yellowish 
embedded  grains  at  Bolton,  Moss,  {holtonite).    G.  =  3 -21-3  33. 

Hortonolite.  (Fe.Mg,Mn)iSi04.  In  rough  dark-colored  crystals  or  masses.  Occurs  at 
the  iron  mine  of  Monroe,  Orange  Co.,  N.  Y.     G.  =  3  91. 

Fayalite.  Fe^SiO*.  From  the  Mourne  Mts.,  Ireland;  the  Azores;  the  Yellowstone  Park; 
Rockport,  Mass.,  etc.     Crystals  and  massive,  brown  to  black  on  exposure.     G.  =  4*1. 

Enebelite.     (Fe.Mn).iSi04.     From  Danuemora,  and  elsewhere  in  Sweden.     G.  =  4-1. 

Tephroite.  MnaSi04;  also  with  zinc,  in  the  xfLvK^iy  roepperite.  From  Sterling  Hill  and 
Franklin  Furnace,  N.  J.;  also  from  Sweden.     Color  flesh-red  to  ash-gniy.     G.  =  4*1. 


Plieuacite  Group.     R,SiO^.     Tri-rhombohedral. 

rr'  i 

Willemite  Zn,SiO,  64°  30'        0-6776 

Troostite  (Zn,Mn),SiO, 

Phenacite  Be,SiO,  63°  24'       0*6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man* 
ganeae)  and  beryllium.  Both  belong  to  the  tri-rhombohedral  group  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSiO^.BeSiO^,  which  is  pseudo- 
hexagonal  (triclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  Chrysolite  Group. 

The  following  rare  species  are  related : 

Dioptase  H,CuSiO,  Tri-rhombohedral 

Friedelite  H,(MnCl)Mn,(SiO,), 

PyroBmalite        H,((Fe,Mn)Cl)(Fe,Mn),(SiO,), 

Those  species  are  very  near  to  each  other  in  form,  as  shown  in  the  ahove  axial  ratios: 
they  further  approximate  to  the  species  of  the  Phenacite  Group  proper.  They  are  also 
closely  related  among  them^^elves  in  compoaition.  since  they  are  all  acid  orthosilicates,  and 
have  "the  general  formula  HiRSiO*  =.HgIl4(Si04)4.  where  (e.g.  for  Friedelite)  in  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  by  the  univalent  radical  (MnCl). 

wHjLbmitb. 

Tri-rhombohedral.     Axis  b  =  0-6775;  rr'  =  64**  30';  ee[  =  36°  47'. 

In  hexasfonal  prisms,  sometimes  long  and  slender,  again  short  and  stout; 
rarely  showing  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grrains;  fibrous. 

CleavajSfe:  c  easy,  Moreanet;  diflficult,  N.  J.;  a  easy,  N.J.  Fracture  con- 
choidal  to  uneven.     Brittle.     H.  =  5*5.      G.  =  3-89-4-18.     Luster  Titreo- 


rr' 
54°  6' 

t 
0-5342 

56°  17' 
53°  49' 

0-5624 
0-5308 
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resinous,  rather  weak.     Color  white  or  green i eh  yellow,  when  purest;  apple- 
green,  fleah-red,  grayish  white,  yellowish  brown;   often  dark   browu   when 


f<ph 

fh 

r^ 

{.\ 

a 

a 

a    }  0. 

[Wn|\ 

\ 

^ 

^ 

-J 

iz pi    a    !'■ 

Pigi.  812-814,  New  Jersey.     «  (0ll2).  *  (llSS).  ti  (3ii8),  «  (SlSl). 

impure.     Streak   uncolon^d.     Trans|)areut   to  opaque.     Optically  -\-.     Bire> 
fringeoce  high. 

Cvmp.— Zinc  orlhosilicate,  Zi),SiO,  or  2ZnO.SiO,  =  Silica  270,  zinc  oiide 
73-U  =  100.  Manganese  often  rt'iilacea  a  considerable  part  of  the  zinc  (in 
troosiiie),  and  iron  is  also  present  in  small  amount. 

Pyr.,  etc.— n.B.  lii  tlie  fo!Cc|if,  glows  aud  fuses  willi  ilitHcully  lo  ft  while  eoaineh  the 
Tarieiies  from  Mew  Jersey  fuse  from  9-5  li)  4.  Tlie  powdered  Diintml  mi  iharcoal  in  R.P. 
gives  ji  coiiiing,  yellow  while  hot  aud  while  on  covlluv'.  wbidi.  nioliteiied  with  soliilion  of 
eoball,  aud  (ieuii:U  iu  O.F.,  hiolured  hrighl  green.  With  sixhi  the  (-imliug  is  more  readily 
olituhieii.     Di-couipiwed  by  hydi-ocliloric  acid  wllh  geparutuiu  of  gelatinous  siliea. 

Ota— From  Atieiiheig  neur  MoreKDel:  a1  Slolberg,  Dear  Ain-la-Ctiatiellu.  In  New 
Jersey  al  Mine  lliU.  Fraiikiin  Furnace,  iiud  at  Slerllne  Hill,  two  miles  dipiant.  Orciirs 
with  zinciie  and  tranklhiile,  varying  -  .  - 
grtei 


PHZtNACITE. 

Tri-rhombohedral.     Aiis  i  =  0-6611 
CryataU  commonly  rhombohedral  ii 
prisms  wanting;    also  prismatic, 
sometimes     terminated     by     the 
rhnmbohodron  of  the  thin!  series, 
X  (pee  further,  pp.  80-82). 

Cleavage;  «  distinct;  r  im- 
perfect. Fracture  conchoidal. 
Brittle.  11.=  7-f)-S.  G.  =  2-9~- 
300.  Luster  vitreons.  Color- 
less:  also  bright  wine -yellow, 
pale  rose-red ;  brown.  Trans- 
parent to  subtranslncent.  Op- 
tically -(-.  Mj  =  1-6540;  e,  = 
1  -efiflT,  Framont. 

Comp.— Beryllium      orthosili- 
rate.    Be,SiO.    or    2BeO.SiO,  = 
Silica  54  45,  gincina  45-55  =  100. 
Pyr.,  etc. — Alone  remaius  unaltered; 


rr'  =  63°  24'. 

habit,  often  lenticular  iu  form,  the 


FioHsssMt.  Colo, 
iih  buras  fuses  wit 


Hi.  Antero,  Colo.,  Pfd. 
extreme  slowueas,  unlen 
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pulverized,  to  a  transpareDt  glass.  With  soda  affords  a  iwhite  enamel;  with  more,  Inta- 
mesces  autl  becomes  iu fusible.    Dull  blue  with  cobalt  solution. 

Obs. — Occurs  at  the  emenild  and  chrysoberyl  mine  of  Takovaya,  85  vcrsls  E.  of  Eka- 
terinburg; also  in  the  Ilineu  3Its.,  near  Miask;  near  Framout  in  the  Vosges  Mts.;  at  the 
Cerro  del  MeiCiido,  Durango,  Mexico. 

Iu  Colorado,  on  amazou-stoue.  at  Topaz  Butte,  near  Florissant,  16  miles  from  Pike's 
Peak;  also  on  quartz  and  beryl  ut  Mt.  Antero,  Chaffee  county.  Named  from  <f>^ya^, 
a  deceiver,  in  allusion  to  its  having  been  mistaken  for  quartz. 


Trimerite.  (Mu,Ca)iSi04.BeiSi04.  In  thick  tabular  prismatic  crystals,  pseudo> 
hexagonal  (triclinic)  in  form  and  angle.  II.  =  6-7.  G.  =  3*474  Color  salmon-piiik  to 
nearly  colorless  in  small  crystals.     From  the  liarslig  mine,  Wermland,  Sweden. 

Dioptase.     HiCuSi04  or  H9O.CuO.SiOa.     Commonly  in  prismatic  819. 

crystals  (m'  =  84**  33 J')-  Also  in  crystalline  aggregates;  massive.  Cleav- 
age: r  perfect.  Fracture  conchoidal  to  uneven.  H.  =5.  G.  =  8*28- 
8  85.     Luster  vitreous.     Color  emerald-green. 

Occurs  in  druses  of  well-detined  crystals  on  quartz,  occupying  seams 
in  a  compact  limestone  west  of  the  hill  of  Altyn-Ttibe  iu  the  Kir^hese 
Steppes;  in  the  gold  washings  at  several  points  in  Siberia;  at  Kezbanya, 
Hungary.  From  Copiapo,  Chili,  on  quartz  with  other  copper  ores.  In 
fine  crystals  at  the  Mine  Mindoidi,  two  leagues  east  of  Comba,  in  the 
French  Congo  State.  Also  at  the  copper  mines  of  Clifton,  Graham  Co., 
Arizona. 

Friedelite.  H7(MnCl)Mn4Si40i«.  Crystals  commonly  tabular  |  e; 
also  massive,  cleavable  to  closely  compact.  H.  =  4-5.  G.  =  8*07.  Color 
rose-red.     From  the  manganese  mine  of  Adervielle,  valine  du  Louron,  Hautes  Py rinses. 

Pyrosmalite.  H,((Fe,Mn)Cl)(Fe,Mn)4Si40i«.  Crvstals  thick  hexagonal  prisms  or 
tabular;  also  massive,  foliated.  H.  —  ^'5.  G.  =  S*06-3'19.  Color  blackish  green  to 
pale  liver-brown  or  gray..  From  the  iron  mines  of  Nordmark  in  Wermland;  DaDoemora, 
Sweden. 


ScapoHte  Group.         Tetragonal-pyramidal. 
Meionite         d  =  0-4393  Mizzonite,  Dipyre        i  =  0*4424 


Wernerite       d  =  0-4384 


Marialite 


i  =  0-4417 


SarcoHte       ii  =  0-4437 

The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  fi^ronp 
of  the  tetragonal  system  with  nearly  the  same  axial  ratio.  They  are  white  or 
grayish  white  in  color,  except  when  impure,  and  then  rarely  of  dark  color 
Hardness  — -  5-6-5;  G.  =  2-5-2-8.  In  composition  they  are  silicates  of  alu- 
minium with  calcium  and  sodium  in  varying  amounts;  chlorine  is  also  often 
present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not  present 
unless  hy  reason  of  inclusions  or  of  alteration,  which  last  cause  also  explains 
the  carbon  dioxide  often  found  in  analysis. 

The  Scapolites  are  analogous  to  the  Feldspars  in  that  they  form  a  series 
with  a  gradual  variation  in  compositioTi,  the  amount  of  silica  increasing  with 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c  in 
marialite.  A  corresponding  increase  is  observed  also  in  the  amount  of 
chlorine  present.  Furthermore  there  is  also  a  gradual  change  in  specific 
gravity,  in  the  strength  of  the  double  refraction,  and  in  resistance  to  acids, 
from  the  easily  decomposed  meionite,  with  G.  =  2*72,  to  marialite,  which  is 
only  slightly  attacked  and  has  G.  =  2*63.     Tschermak  has  shown  that  the 
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Tariatioii  in  compoiition  ma;  be  eiplaioed  by  the  aeBumption  of  two  funda- 
mental end  compiJuiidB,  viz.: 

Meionito  CajAl,Si,0,,  Me 

Jlarialite  Na.Al,Si,0,.Cl  Ma 

By  the  iaomorpbous  combiuatioii  of  tliese  compoundB  the  compoeition  of 
the  species  mentioned  above  maybe  explained;  do  sharp  line  can,  hove  ver, 
be  drawn  between  tlieni, 

UpticHll;  lbe>eH<8  U  cliitracierizcil  by  tbe  decrease  in  llii'strciigili  of  llie  double  icfrkc- 
tion  in  jiKSsiiig  fniiii  meiouilu  tci  niarialiLe.  Ttiua  (Lacroix)  fur  iiiciouile  u  —  f  =  U  OSS; 
fur  lypiuul  weiueriie  U-OS-U-OSi  for  dlpyre  0  015. 

The  tetragonal  species  melilite  and  gehlenite  are  near  the  Scapolites  in 
angle.     The  more  common  vesuvianite  is  also  related. 


MEnONim. 

Tetrrtgoiial. 


lu  prismatic  crystals  (Fig.  17! 

either  cleur  nnd  glassy  or  milky  white;  also  in  crystalline  grains  and  massive. 


--  0-43925. 


Cleavage:  a  rather  perfect,  m  somewhat  less  so.  Fracture  conchoidal. 
Brittle.  H.  —  5  5-6  G.  =  2'TO-2'74.  Luster  vitreous  Coloiless  to  white. 
Transparent  to  translucent;  often  cracked  within.  Optically  — .  Double 
refraction  weak.     Indices,  Di.:  atj  =  1"594;  e,  =  l'558. 

Comp.— Ca.Al.Si.O,,  or  40aO.3AI,O,.6SiO,  =  Silica  40-5,  alumina  34-4, 
lime  251  =  100. 

The  vsrietlus  included  licre  nii>ge  from  nearly  pure  iiieiooiie  !■'  Ibose  cotisisiiag  of 
mtionite  nnd  iiiarlnlitc  In  Ihu  retiii  of  S:  1.  I'.a.,  Mu:  Ma  =  l) :  1.  No  sbaip  Hue  (an  be 
drawn  lielwti'ii  iiicionile  aud  the  following  species. 

Oba.— Orciirs  In  small  crystals  in  ciiviltcs,  iiaiinlly  In  limeslone  blocks,  on  HoDte 
Bomina.     Al»<i  iu  cjecleil  mrissea  at  llie  Liuicbi-r  See. 


WERNBtUTB.    Common  Scapoi.itb. 

Tetragonal-iiyramidut.     Aiis  d  =  0'4384. 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.    The 
symmetry  of  the  jiyramidal  group  sometimes  shown  in  the  development  of  the 
faces  z(311)  and  z,(131).     Also  massive,  granular,  or  with  a  faint  fibrons 
appearance;  sometimes  columnar. 
«".      101  A  on  =  il2'M' 


«,'".  311  A  311  =  20- 48-, 

Cleavage:  ri  niul  tii  rather  distinct, 
hut  interrupted.  Fracture  siibcon- 
choidal.  Hriltie.  H.  =  5  -  6.  G.  = 
2'fit;-2'T3.  Lnster  vitreous  to  pearly 
externally,  inclining  to  resinous;  cleav- 
age ami  i-ross- fracture  surface  vitreous. 
Color  white,  gray,  bluish,  greenish,  iind 
reddish,  usually  light;  streak  uncolored.  Transparent  to  faintly  F^ubtmna- 
hicetit.  Optically—,  Birefringence  weak.  Indices:  (»r  =  1566je,  =  1*545 
Arenilal. 

Comp.,  Tar.— Intermediate  between  meionite  and  marialite  and  correspond- 
ing to  a  molecular  combination  of  these  in  a  ratio  3  : 1  to  1:2.     The  silica 


426  DESCKIPTIVE   MINERALOQY. 

varies  from  46  to  54  p.  c,  and  as  its  amount  increases  tlie  soda  and  chlorine 
also  increase.     Scapolitos  with  silica  from  54  p.  c.  to  GO  p.  t;.  are  classed  with 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  :;i  to  1 :  3  and  upwards. 
The  percentage  composition  for  a  common  compound  is  as  follows: 

Me:Ma3:l       SiO,  40  10       AUO,  30  48      CaO  19  10        Na,0  3o4        01101=100-28 

Pyr..  etc. — B  B.  fuses  easily  wild  iutumebceDce  to  a  white  blebby  glass.  Imperfectly 
decomposed  by  hydrochloric  acid. 

Diff.— Characterized  by  its  square  form  and  prismatic  cleavage  (90**);  resembles  feldspar 
whcu  massive,  but  has  a  charucteiistic  flbrous  appearance  ou  the  cleavage  surface;  it  is  also 
more  fusible,  uiid  has  a  higher  specific  gravity;  also  distiuguished  by  fusibility  with  intu- 
mescence from  pyroxeue  (wli.  see,  p.  887). 

Recognized  iu  thin  sections  by  its  low  refraction;  lack  of  color;  rather  high  interference- 
colors  reaching  the  yellows  and  reds  of  tl.e  first  order,  sections  showing  which  extinguish 
parallel  to  tlie  cleavage;  by  the  distinct  negative  axial  cross  of  basal  sections  which  show 
the  cleavage-cracks  crossing  at  right  angles. 

Obs. — Occurs  iu  nietamorphic  rocks,  and  most  abundantly  iu  granular  limestone  near 
its  junction  with  the  associated  gmnitic  or  allied  rocks;  sometimes  in  beds  of  magnetite 
accompanying  limestone.  It  is  often  associated  with  a  light-colored  pyroxene,  amphibole, 
garnet,  and  also  with  apatite,  titanite,  zircon;  amphibole  is  a  less  common  associate  than 
pyroxene,  but  in  some  cases  has  resulted  from  the  alteration  of  pyroxene.  Scapolite  baa 
been  shown  also  to  be  frequently  a  component  of  basic  igneous  rocks,  especially  those  rich 
in  plagioclases  containing  much  liu.e;  it  is  regarded  ns  a  secondary  product  through  a 
certain  kind  of  alteration. 

Prominent  localities  are  at  Pargas,  Finlanil.  where  it  occurs  in  limestone;  Arendal  in 
Norway,  and  Malsj5  in  Wermland,  where  it  occurs  with  magnetite  in  limestone.  Pat- 
sauiU  is  from  Obernzell.  near  Pnssau,  in  I^avnria.  The  pale  blue  or  gray  pcapolite  from 
L.  Bailtal,  Siberia,  is  called  glatwolite.  In  the  U.  S.,  occurs  in  Verifiont,  at  Marlborough, 
massive.  In  Mass,,  at  Bolton;  at  Chelmsford.  In  N.  York  in  Orange  Co..  E^ex  Co., 
Iiewis  Co.;  Gi*asse  Lake,  Jeffei'son  Co.;  at  Gouverncur,  in  limestone.  In  N.  Jersey ^  at 
Franklin  and  Newton.     In  Penn.,  at  the  Elizabeth  mine,  French  Creek.  Chester  Co. 

In  Canada,  at  G.  Calumet  Id.,  massive;  at  Grenville:  Templeton;  Wakefield,  Ottawa 
Co.     Scapolite  rocks  occur  at  several  points. 

Mizzonite.  Dipyre.  Here  are  included  scapolitei  with  54  to  57  p.  c.  SiO^,  correspond- 
ing to  a  molecular  combinati«>n  from  Me  :  Ma  =  1^  2  to  Me  :  Ma  =1:3.  Mwstonite  occurs 
in  clear  crystals  in  ejected  masses  on  Mte.  Somma.* 

Dipyre  occurs  in  elongated  square  prisms,  often  slender,  sometimes  large  and  coarse,  in 
limestone  and  crystalline  schists,  chiefly  from  the  Pyrenees;  also  in  diorite  at  Bamle,  Nor- 
way; Saint-Nazaire.  France;  Algeria.  Coustranite  from  the  Pyrenees  is  a  more  or  less 
altered  form  of  dipyre. 

Marialite.  Theoretically  Na4AlsSi»0,4Cl.  see  p.  425.  The  actual  mineral  corresponds 
to  Me  :  Ma  =  1:4.     It  occurs  in  a  volcanic  rock  called  piperno,  at  Pianura,  near  Naples. 

Sarcolite.  (Ca.Naa)8Al,(Si04)3.  In  small  tetragonal  crystals.  II.  =6.  G.  =  2'545- 
2-932.     Color  flesh -red.     From  Monte  Sommn. 


MELIUTE. 

Tetragonal.  Axis  6  =  0*4548.  Usually  in  short  square  prisms  (a)  or 
octagonal  prisms  {a,  in),  also  in  tetragonal  tables. 

Cleavage:  c  distinct;  a  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  5.  G.  =  2'9-3'10.  Luster  vitreous,  inclining  to  resinous. 
Color  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism  distinct  in 
yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Optically  — .  Bire* 
fringence  low.     Indices: 

IlumboldtiliU      «;  =  1'6312      cwy  =  1-6339      er  =  1  6262      6y  =  16291  Henniger 

H     III 

Comp.— Perhaps  R„R,Si.0„  or  Na,(Ca,Mg)„(Al,Fe),(SiO,).  for  melilite. 
If  Ca  :  Ms?  =  8:3,  and  Al  :  Fe  =  1  :  1,  the  percentage  composition  is:  Silica 
37'7,  alumina  7*1,  iron  sesquioxide  11*2,  lime  31*3,  magnesia  6*4,  soda  4*3  = 
100.     Potassium  is  also  present. 
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Pyi-,.  etc.— B.B,  fusea  at  3  lo  a  yellowish  or  Kreentsh  gtaaa.  With  the  fluxei  reset!  for 
iroo.     Decomposed  by  hj'drochloric  acid  with  gelnliDizaliuu. 

Diff. — Dislioguished  m  thla  seclIooB  iij  lis  uioderald  refraction;  very  low  fnterfereneA- 
colors,  sboniug  uflen  the  *'  tillra  Mitt "  (Capo  dl  Buve);  parallel  exlluclion;  uegalive  char- 
acter; usual  developiueut  In  tables  parallel  to  tbe  brtse  and  Teiy  common  "  pee  alructura" 
due  U)  parallel  rod-like  iaclusione  peuetreting  the  crystal  from  the  basal  planes  luward:  thl*, 
LowcTer,  is  not  always  cusity  seen. 

Oba.— Meiiliic  is  a  comp'iment  of  cerlaiii  Igneous  rocks  formed  from  niagrans  very  low 
iu  silica,  ratlier  dcScleut  in  alkalies,  and  cuuiuiiilug  cousiderable  lime  and  Htumioa.  In 
such  caacB  iiietilite  appears  to  crystallize  iu  the  place  of  tlie  more  acid  plngioelaie. 

MetUiU  of  yellow  aud  brownish  colors  is  found  at  Capo  di  Bove,  oear  B(>mc,  In  leucito- 
phyre  with  uephelite,  augile,  hornblende:  at  Vesuvius  lo  dull  yellow  crystals  {tomtnUliU): 
not  uncommon  I u  certain  baste  eruptive  rocks,  as  them«Jiiito-4>Ma(Mof  Hoclilmhl  uearOwen 
in  WQittemberg.  of  tlic.Schwnbian  Alb,  of  GOrlilz,  Ibe  Er^gebirpe;  also  lo  the  uepliellte 
baaallBof  the  Ilegau.  of  Oahu,  Sandwich  Islands,  etc.;  perovskile  is  a  common  asaoclnte. 
Common  iu  furnace  slags.     Helilite  is  named  from  ueki,  honey,  in  allusion  to  the  color. 

Il-amboldtUiU  occurs  Id  cavernous  blocks  on  Motite  Somma  with  greenish  mica,  also 
apatite,  augite;  tbe  crystals  are  often  rather  tnrge,  and  covered  with  a  calcareous  coating; 
less  cummiiu  in  transparent  lustrous  crystals  vrlth  ncphellle,  sarcolite,  etc.,  In  an  augitic 
rock.     Zurlite  is  impure  humboldtilite. 

a«hlMlts.  Cn,AI,BI,0„.  Crystals  uaually  short  square  prlsnii.  Axis  ^  =  0-4(»1. 
Q.  =  20-3-07.  Different  shades  of  grayish  green  to  llrer-brown.  From  Mount  HoDsonf, 
In  tbe  Passatlial,  tn  Tyrol. 


VBSUVIANrm.     Idocrase. 
Tetragoual.     Aiia  i  =  0-5372. 
a,  Oni  A  101  =  23°  Iff. 

fp.  001  A  111  =  37°  131'. 
a.  001  A  331  =  66-  18-. 


Often   in  crvstals,   prismatic   or    pyramidal.      Also  massire;    colnnnMr, 
straight  and  divergent,  or  irregular;  granular  mauive;  cryptocrystalliDe. 
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Cleavage:  m  not  very  distinct;  a  and  c  still  less  so.  Fracture  subcon- 
choidal  to  uneven.  Brittle.  H.  =  6*5.  G.  =  3  35-3 '45.  Luster  vitreous; 
often  inclining  to  resinous.  Color  brown  to  green,  and  the  latter  frequently 
bright  and  clear;  occasionally  sulphur-yellow,  and  also  pale  blue.  Streak 
white.  Subtransparent  to  faintly  subtranslucent.  Dichroism  not  usually 
strong.  Optically  — ;  also  -j-  rarely.  Birefringence  very  low.  Sometimes  ab- 
normally biaxial.     Indices:  coj  =  1'7235,  €j  =  1*7226  Ala,  Osann. 

Comp.— A  basic  calcium-aluminium  silicate,  but  of  uncertain  formula; 
perhaps  Ca,[ Al(OH,F)lAl,(SiO J^.  Ferric  iron  replaces  part  of  the  aluminium 
and  magnesium  the  calcium.  Fluorine  and  titanium  may  be  present.  The 
following  are  typical  analyses  (Jannasch): 

SiO,   TiOa  A1,0,  Fe,0,  FeO  MnO    CaO  MgO  Na,0  Li,0  H,0    F. 

1.  Vesuvius,  1 86U8     —  16-70  2  99  201  057  3567  262  0-48  O'OS  1  32  108  =  100-45 

2.  Vilui.  3617  1  30  12-28  218  1-49  015  35-81  605  045     —  072  0*22  B.0,  2-81=99-58 

Pyr.,  etc. — B.B.  fuses  at  3  with  iDtuinesceoce  to  n  greenish  or  brownish  glass.  Magnus 
states  that  the  density  after  fusion  is  2'93-2'945.  With  the  fluxes  gives  reactions  for  iron, 
and  some  varieties  a  strong  manganese  reaction.  Cyprine,  a  blue  variety,  gives  a  reaction 
for  copper  with  salt  of  phosphorus.  Partially  decomposed  by  hydrochloric  acid,  and  com- 
pletely when  the  mineral  has  been  previously  ignited. 

Dm, — Characterized  by  its  tetragonal  form  aud  easy  fusibility.  Resembles  some  brown 
varieties  of  garnet,  tourmaline,  aud  epidote. 

Recognized  in  thin  sections  by  its  high  refraction  producing  a  very  strong  relief  and  its 
extremely  low  birefringence;  *  also  iu  general  by  its  color,  pleochroism.  and  uniaxial  nega- 
tive character;  the  latter,  on  account  of  the  low  birefringence,  being  difficult  to  determine. 
The  low  birefringence,  however,  aids  in  distinguishing  it  from  epidote,  with  which  at  times 
i|  may  be  confounded. 

Obs. — Vesuvianite  was  first  found  among  the  ancient  ejections  of  Vesuvius  and  the 
dolomitic  blocks  of  Monte  Somma,  whence  its  name.  It  commonly  occurs  as  a  contact  min- 
eral from  the  alteration  of  impure  limestones,  then  usually  associated  with  lime  garnet 
(grossularite).  phlogopite,  diopside,  woUastonite;  also  'epidote;  also  iu  serpentine,  chlorite 
schist,  gneiss  and  related  rocks. 

Prominent  localities  are  Vesuvius;  the  Albani  Mts.;  the  Mussa  Alp  in  the  Ala  Yalley.  iu 
Piedmont;  Mt.  Monzoui  in  the  Fnssathal;  at  Omwitza  and  Dognaczka;  Haslnu  near  £ger 
in  Bohemia  {egeran);  near  JordansmQhl.  Silesia;  on  the  Vilui  river,  near  L.  Baikal  (some- 
times called  mluit-'  or  viluite.  like  the  grossular  garnet  from  the  same  region);  at  Arendal, 
*'  colaphaniW* ;  at  Egg.  near  Christiansand. 

In  N.  America,  in  Maine^i  Phippsburg  and  Rumford;  at  Sandford.  In  N.  Hampghire, 
at  Warren  with  cinnamon-stone.  In  N.  York,  \  m.  S.  of  Amity.  In  New  Jer9ey,  at 
Newton.  In  California  near  San  Carlos  in  Inyo  Co.  In  Canada,  ni  Calumet  Falls,  Litch- 
field, Pontiac  Co.;  at  Grenville  in  calcite;  at  Templeton,  Ottawa  Co.,  Quebec, 


IV 

Zircon  Group.     RSiO^.     Tetragonal. 

Zircon  ZrSiO,  6  =  0-6404 

Thorite  ThSiO,  6  =  06402 

This   group  includes  the  orthosilicates  of  zirconium  and  thorium,  both 
alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

The^e  species  are  sometimes  regarded  as  oxides  and  then  included  in  the  Rutilb  Group 
(p.  343),  to  which  they  approximate  closely  in  form.     A  similar  form  belongs  also  to  the 


*  Frequently  mineral*,  which,  like  vesuvianite,  melilite  and  zoisite,  are  doubly  refracting 
but  of  extremely  low  birefringence  (and  possibly,  where  they  are  positive  for  one  color  but 
negative  for  another),  do  not  show  a  gray  color  between  crossed  nicols  but  a  curioiis  blue, 
at  times  an  intense  Berlin  blue,  which  is  quite  distinct  from  the  other  blues  of  the  color 
scale  and  is  known  as  the  ^  ultra  blue," 


tuUlate,  Tftpiolite.  and  to  tbe  phoapbate.  XeDOtime:  furtber,  compouod  KToop*  coniiMinf 
of  ciTitaU  of  Xenotime  aod  Zircon  in  pknilel  pocition  mn  not  uncommou  (Fig.  481,  p.  131). 


zmooM. 

Tetngonal. 


=  0-64037. 


w*.    101  A  Oil  =  «•  50". 
«".   101  A  iOl  =  «5*  Iff. 

pp",  m  A  ill  =o»'«H. 

UK-.  831  A  331  =  83-  V. 


mp.  110  A  111  =  4r  W. 
wu,  110  A  381  =  90*  I9J'. 
ici"',  811  A  3U  =3a"5r. 
«*,  100  A  311  =31*43'. 
831.  832. 


Twine:  tw.  pi.  e  (101),  genicalated  twins  like  rutile  (Fig.  374,  p.  134). 
Commonly  in  square  prisms,  sometimes  pyramidal.     Also  in  irregular  forms 

and  f^raina. 

Cleavage:  m  imperfect;  p  (111)  less  distinct.  Fracture  concboidal. 
Brittle.  H.  =  7'5.  G.  =  4C8-4'70  most  common,  but  varying  widely  to  412 
and  4  86.  Luster  adamantine.  Colorless,  pale  yellowieli,  grayisli,  yellowish 
green,  brownioli  yellow,  reddish  brown.  Streak  nncolored.  Transparent  to 
subtranslucent  and  opaqne.  Optic-ally  -f.  Birefringence  high.  a>,  =  1-9339, 
e,  =  1'9UeI2,  Ceylon.     Sometimes  abnormally  biaiial. 

Byneinlh  is  tbe  omngp.  redilisb  nod  hroniiisb  Iranspnrent  kin<]  used  for  getns.  Jargon 
is  a  nanit  given  to  tli«  ciilorli-'ia  or  smoky  zircoiit  of  Ceylon.  In  alliiaion  lo  llie  fuel  tbnt 
wbile  resemNiag  tbe  diamoLd  iu  lualur,  Ibey  are  comparalirely  wortbleaa;  tbence  came 


Comp.— ZrSiO.  orZrOa.Si03=  Silica  33-8. 
iron  (Fe,0,)  is  usually  present. 


67-2  =  100.     A  little 
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P3rr.»  etc. — Infusible;  the  colorless  yarieties  are  uDaltered.  the  red  beoome  colorlesB, 
while  dark-colored  varieties  are  mtide  white  ;  souie  varieties  glow  and  iucrease  in  density 
by  ignition.  Not  perceptibly  acted  upoD  by  salt  of  pliosphorus.  lu  powder  decompoeed 
wheu  fused  with  soda  0:1  the  platinum  wire,  and  if  the  product  is  dissolved  io  dilute  hydro- 
chloric acid  it  gives  the  orange  color  characteristic  of  zircon ia  when  tested  with  turmeric 
paper.  Not  acted  upon  by  acids  except  in  tine  powder  with  concentrated  sulphuric  acid. 
Decomposed  by  fusion  wiih  alkaliue  carbonates  and  bisnlphates 

Diflf. — Cliai-acterized  by  the  prevailing  square  pyniniid  or  square  prism  ;  also  by  its 
adamantine  luster,  hardness,  high  speci tic  gravity,  and  infusibility:  the  diamond  is  optically 
isotropic. 

Recognized  in  thin  sections  by  its  very  high  relief;  very  high  interference-colors,  which 
approach  white  of  the  higher  order  except  in  very  thin  sections ;  positive  uniaxial 
character.  It  is  distinguished  from  cassiterite  and  rutile  only  by  its  lack  of  color,  and  from 
the  latter  also  in  many  cases  by  method  of  occurrence. 

Obs. — A  common  constituent  of  igneous  rocks,  especially  those  of  the  more  acid  feld- 
spathic  groups  and  particularly  the  kinds  derived  from  magmas  containing  much  scHla. 
Is  generally  present  in  minute  crystals,  but  in  pegmatitic  facies  often  in  large  and  well- 
formed  crystals.  Occurs  more  rarely  elsewhere,  as  in  granular  limestune,  chloritic?  and 
other  schists  ;  gneiss ;  sometimes  in  iron-ore  beds.  Crystals  are  common  in  most  auriferous 
sands.  Sometimes  found  in  volcanic  rocks,  probably  in  part  as  inclusions  derived  from 
older  rocks. 

Zircoii  in  distinct  crystals  is  so  common  in  the  pegmatitic  forms  of  the  nephelite-svcnite 
and  augite-syenite  of  southern  Norway  (with  SBgirite,  etc.)  that  this  rock  there  and  else- 
where has  sometimes  been  called  a  **  zircon-syenite." 

.  Found  in  alluvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural.atLaurvik.  Norway; 
at  Arendal,  in  the  iron  mines:  at  Fredriksvftrn.  and  in  veins  in  the  augite-syenite  of  the 
Langesund  fiord;  Pfitschthal,  Tyrol;  in  lava  at  Niedermendig  in  the  Eifel.  red  crystals:  etc. 

In  N.  America,  in  Maine,  at  Litchfield;  In  N.  York,  in  Moriah,  Bosses  Co.,  cinnamon- 
red;  near  the  outlet  of  Two  Ponds,  Orange  Co.,  with  scapolite,  pyroxene  and  titanitc;  at 
Warwick,  chocolate-brown,  near  Amity;  in  St.  Lawrence  Co.,  in  the  town  of  Hammond; 
at  Rossie.  Fine,  Pitcairn.  In  Penn,,  near  Reading.  In  N.  Car.,  abundant  in  the  gold 
sands  of  Burke,  McDowell,  Polk,  Rutherford.  Henderson,  and  other  counties.  In  Colorado, 
with  astrophyllite,  etc.,  in  the  Pike's  Peak  region  in  El  Paso  Co.;  at  Cheyenne  Mt.  Id 
California,  in  auriferous  gravels. 

lu  Canada,  at  Grenville,  Argenteuil  Co.;  in  Templeton  and  adjoining  townships  in 
Ottawa  Co.,  Quebec:  in  Renfrew  Co.,  sometimes  very  large;  in  North  Burgess,  Lanark  Co. 

Malaeon  is  an  altered  zircon.  Cyrtolite  is  related  but  contains  uranium,  yttrium  and 
other  rare  elements. 

Thorite.  Thorium  silicate,  ThO,,  like  zircon  in  form;  usually  hydrated,  black  in 
color,  and  then  with  G.  =  45-5;  also  orange-yellow  and  with  0.  =  5"19-5'40  (^ra»^if<?).  From 
the  Brevik  region,  Norway;  also  near  Arendal. 

Anerlite.  Like  zircon  in  form;  supposed  to  be  a  silico-phosphate  of  thorium.  Hender- 
son Co.,  N.  C. 


n  ni  m         ni 


Danburite-Topaz  Group.     Orthorhombic.     RR,(SiO,),  or  (RO)  RSiO,. 

Danburite  CaB,(SiO,),  /^  :  J  :  <*  =  0  5444  :  1  :  0  4807 

Topaz  [Al(F,OH)JAlSiO,  (l:h:i  =  05285  :  1  :  0-4770 

Andalusite  (AID)  AlSiO,  \l:d\ld  =  0-5070 :  1  :  0  4749 

or    a  :l\i  =  0-9861 :  1  :  0-70-^5 


Sillimanite  Al,SiO,  Orthorhombic  a :  J  =  0*970  :  1 

Cyanite  Al,SiO,  Triclinic 

a:l\6  =  0-8994  :  1  :  07090;  a  =  90°  5  J',  /?  =  101°  2',  y  ==  105°  44^^ 


DANBUKITB. 

Orthorhombic 
836. 
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Aiea  a:h:i  =  0  5444  :  I  :  0-4807. 
mm'",  110  A  liO  =  5;*  ff.  dd'.  101  a  IOI  =    82*  Sff. 

if,        120  A  120  =  80°  8'.  WW*,  041  A  oil  =  125-    ff. 

Habit  prismatic,   resembling  topaz.     Also  in   iadiBtioct 
embedded  cryetals,  and  disfiumiuated  ma»BeB. 

Cleavage:  c  very  indistinct.  Fractuie  uneven  to  aubcoii- 
cboida!.  Brittle.  H.  =  7-7-25.  G.  =  2-97-U02.  Color 
pale  wine-yellow  to  colorleaa,  yellowish  wbite,  dark  wine- 
yellow,  yellowish  brown.  Luster  vitreous  to  greasy,  on  crvctid 
surfaces  brilliant.  Transparent  to  translucent.  Streak  wliite. 
Cowp.  —  CaB,(SiO,),  or  CaO.B,0..2SiO,  =  Silica  48-8, 
boron  trioiide  28-4,  lime  2^-8  ^  100. 

Fyr.,  ab:.— B.B.  fuses  al  36  lo  a  colorless  claas.  and  Imparla  a  green  color  to  the  O.  F. 
(boi-on).  Not  (lecoDiposed  by  liydrucliloric  acm,  but  sufficiently  attacked  for  tbe  soluliou 
to  give  )|je  reacliou  of  borfc  acid  with  turmeric  paper.  Wben  previously  ignited  gelatiulies 
wltL  bydrocliloric  iieid.     Pbospboreaces  on  beuting,  giving  a  reddish  light. 

Oba, — Occurs  nt  Dniibury.  Conu..  with  microcUue  and  oilgoclnse  in  dolomile.  At 
Russell.  N.  Y  ,  in  Hue  crys'als.  On  the  Pix  Vnlatachs,  the  Dorthern  spur  of  Ml.  SkopI 
south  lit  Dissentis  in  eastern  Switzerliind,  in  slender  prismatic  rryatols. 

Barsowitb.  Tills  doubtful  species,  occurring  with  blue  corundum  in  ih«  Ural,  la  bjr 
Mine  authors  classed  wiili  danburltc;  composition  CaAltSiiOi  like  anortbite. 


TOPAZ. 

Orthorhombic     Axes  d.l:  i  =  0-53864  :  1 :  0-47698. 
837.  838.  839. 


2-21  A  221  = 


48'  871'. 


Ural, 
mm"'.  110  A  110=  WJff. 
ir.  liO  A  120  =  89'  49'. 
dd'.  201  A  301  =  132'  1'. 
XX'.  04a  A  OSa  =  64°  55'. 
//.       Oil  A  021  =    8^18'. 

Crystals  commonly  prismatic,  m  predominating;  or  /  (120)  and  the  form 
then  a  nearly  sqnare  prism  resemblino;  andiihisite.  Faces  in  the  prismatic 
zone  often  vertically  striated,  and  often  showing  vicinal  planes.  Also  firm 
coUiinniir ;  granular,  coarse  or  fine. 

Cleavage:  c  highly  perfect.  Fractnre  subconchoidal  to  uneven.  Brittle. 
II.  =  8.  G.  =  3'4-3-6.  Luster  vitreous.  Color  straw-yellow,  wine-yellow, 
white,  grayish,  greenish,  bluish,  reddish.  Streak  uncolored.  Transparent  to 
stibtransliicent.  Optically  +■  Ai.  pi.  |  A.  Bx  J_  c.  Axial  angles  variable. 
aE,  =  112°  to  120'*  40'.     Refractive  indices,  Brazil  {Miihlheims): 
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For  D        a  =  1-63986        ^  =  1*63077        y  =  1-63747        .'.    2V  «  4»'  81' 

Var. — Ordinary,  In  prismatic  crystals  usually  colorless  or  pale  yellow,  leas  often 
pale  blue,  pink,  etc.  The  yellow  of  tbe  Braziliau  crystals  is  changed  by  beating  to  a  pale 
rose-pink.     Often  contains  inclusions  of  liquid  COs. 

PhyMliU,  or  pyrophy$al%te,  is  u  coarse  nearly  opaque  variety,  from  Finbo;  inlumescci 
when  heated,  bence  its  name  from  tpvaaXii,  bubble,  and  nvp,  fire,  Pyenite  baa  a  colum- 
nar, very  compact  structure.  Rose  made  out  that  the  cleavage  was  the  same,  and  the 
form  probably  the  same;  and  Des  Cloizeaux  showed  that  tbe  optical  characters  were  tboae 
of  topaz. 

Comp.— (AlF),SiO,;  usually  containing  hydroxyl  and  then  [Al(F,OH)],SiO^ 
or  as  given  on  p.  430.  The  former  requnes  Silica  32*6,  alumina  55*4,  fluorine 
20-7  =  1087,  deduct  (0  =  2F)  8-7  =  100. 

Pyr..  etc.— B.B.  infuidble.  Fused  in  the  closed  tube,  with  previouslv  fused  and  puU 
yerized  salt  of  phosphorus,  etches  the  glass,  giving  off  silicon  fluoride,  which  forms  a  ring 
of  StOs  above.  With  cobalt  solution  the  pulverized  mineral  gives  a  flue  blue  on  beating. 
Only  partially  attacked  by  sulphuric  acid.  A  variety  of  topaz  fi-om  Brazil,  wheu  heated, 
assumes  a  pink  or  red  hue.  resembling  the  Balas  ruby. 

Diff— Characterized  by  iU  prismatic  crystals  with  angles  of  56°  (124°)  or  87*  (98*);  also 
by  the  perfect  basal  cleavage;  hardness:  infusibility;  vields  fluorine  B.B. 

Obs. — Toptiz  occurs  especially  in  the  highly  acid  igneous  rocks  of  the  granite  family, 
as  granite  and  rhyolite,  in  veins  and  cavities,  where  it  appears  to  be  the  result  of  fumaroie 
action  after  the  crystallization  of  the  magma;  sometimes  also  in  the  surrounding  schists, 
gueisse-i.  etn.,  as  a  result  of  such  action.  In  these  occurrences  often  accompanied  by  fluor- 
ite,  ctissinTite,  tourmaline. 

Fine*  lopMZ  comes  from  the  Urals,  from  Alabashka,  in  the  region  of  Ekaterinburg;  from 
Miask  in  the  Ilmen  Mts  ;  also  the  gold-washings  on  the  R.  Sanarka.  in  Govt.  Orenbure:  in 
Nerchinsk,  beyond  L.  Baikal,  in  the  Adun-Chalon  Mts.,  etc.;  in  the  province  of  Minas 
Oeraes,  Brazil,  at  Ouro  Preto  and  Villa  Rica,  of  deep  yellow  color;  at  the  tin  mines  of 
Zinnwald  and  Ehreufriedersdorf,  and  smaller  crystals  at  Schneckenstein  and  Alteoberg; 
sky-blue  crystals  in  Cairngorm.  Aberdeenshire:  the  Mourne  mountains.  Ireland;  on  the 
island  of  Elba.  Pkysalite  occurs  in  crystals  of  great  size,  at  Fossum,  Norway:  Finbo, 
Sweden.  PyeniU  is  from  the  tin  mine  of  Altenberg  in  Saxony;  also  of  Schlackenwald, 
Zinnwald,  etc.  Fine  crystals  occur  at  Durango,  Mexico,  with  tin  ore;  at  San  Luis  Potosi 
in  rhyolite.  Mt.  Bischoff.  Tasmania,  with  tin  ores;  similarly  in  New  South  Wales.  In 
Japan  in  pegmatite  from  Otani-yama,  Province  of  Omi,  near  Kioto. 

In  the  United  Suites,  in  Maine,  at  Stoneham,  in  albitic  granite.  In  Conn,,  at  Tnimbnil, 
with  fluorite;  at  Willimantic.  In  N.  Car.,  at  Crowder's  Mountain.  In  Colorado,  in  fine 
crystals  colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Nafhrop,  Chaffee  Co.,  in 
wine-colored  crystals  with  spessartite  in  lithophyses  in  rhyolite;  sindlarly  in  the  rbvollte 
of  Chalk  Mt.  In  UVhli,  in  fine  transparent  colorless  crystals  with  quartz  and  sanidine  in 
the  rhyolite  of  the  Thomas  Range.  40  miles  north  of  Sevier  Lake. 

The  uime  topaz  is  from  rojru?^«<)5,  an  island  In  the  Red  Sea.  as  stated  by  Pliny.  But 
the  topaz  of  Pliny  was  not  the  true  topaz,  as  it  "yieldeii  to  the  tile."  Topaz  was  included 
by  Pliny  and  earlier  writers,  as  well  as  by  many  later,  under  the  name  ehryeoUte, 


ANDALUSITE. 

Orthoi-hombic.     Axes  (i  :h:  (!=0'9861  :  1  :  0*70245. 


841. 


842. 
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m 


mm  ',  110  A  liO  =  89*  l^. 
m'.  Oil  A  Oil  =  70*  10*. 


m 


m 


Usually  in  coarse  prismatic  formSy 
the  prisms  nearly  square  in  form. 
Massive,  imperfectly  columnar;  some* 
times  radiated  and  granular. 

Cleavage:  m  distinct,  sometimes  per- 
fect (Brazil);  a  less  perfect;  A  in  traces. 
Fracture  uneven,  subconchoidal.    Brittle. 
H.  =  7-5.     G.  =  3- 16-3-20.     Lneter  Tit- 
reous;  often  weak.     Color  whitish,  rose-red,  flesh-red«  violet,  pearl-gray,  red* 


diah  brown,  olire-grecn.  Streak  nncolored.  Transpitrent  to  opaqn«,  qsu«)I/ 
subirsnElnopnL.  Pleocfaroiam  atrong'  in  wme  coloreii  vuiettee.  Alworptioo 
strong,  a  >  b  >  c  Sections  nonniJ  to  «n  optic  &zis  are  idiophuioiis  or 
sfaow  the  pol«riiatioD-bnuhfla  distinctly  (p.  S19I.  OpUcallT  — .  Az.  pi.  I  & 
BiXc.     2H,  =  96''30'BrMU;  /*,=  1-63S;  j'-«  =  0-01L 

(JhiattoLte.  or  MaeU  iii  a  Tari«y  in  iioui  rrrsials  b>*iag  ,^, 

tlie  nib  Bad  angles  cf « iliifeccDt  color  from  ilTi:  resi.  i>w[dc  "** 

to  a  legular  anuiecmcDt  of  arbouacaHn  impuriiia  UirougS  an. 

the  interior,  aud  Deuce  exhibiting  a  colotnl  rioss.  or  a  tt»  ~    ' 

selaunl  appearaucv  in  a  tmuverau  wctioii.     Fig.  844  sLowa        s  i  a 

aecli'oii  of  a  Cr)-Mal.  "" 

Coap.-Al,SiO.  =  (AlO)AlSiO.  or  AI,O..SiO,  = 
Silica  M  S,  ainmiua  GJ->  =  100.  Manganese  is 
sometimes  present,  as  in  maiiganandainsite. 

Pyr..  Btc.— B.R  infusible.  Wiih  cobnli  roluiion  giTea  a 
blue  niior  nfter  iguitioo.  N"l  decomposed  by  acids.  Do- 
composed  ou  rusion  witii  cuustic  alkaliM  and  alkaline  car- 
bons u-a. 

Difi.— CbiintcieiiEod  by  the  nearly  aquare  prl«m.  pleo- 
chmtsm.  bardneaa,  iurnaibilliy:  reaclioii  fur  alumiun  B.B. 

Distiu)!uUlit-d  in  Ihin  »c(-ii'<ii«  liy  Ita  higli  relief;  Inwr 
interfereiice-cnIorB,  vhkli  an;  mily  sjiglitlv  tibove  lliose  of 
u'ler;   negaiive  eileoaiou   of 


■\ 

.■ 

/  \ 

/ 

'•v^ 

quartz;  oegair 


!  Malial   ckirat'ler;   negaii 

(diff.  from  pyroxenes,  which  bi 
844. 


!  and  the  constant 


o  greater 


cbaraci eristic  armngcmijut  of  impurities  when  tlieae  are  present  (Fig,  844).  Tlie  pko- 
cbroism,  wbicli  is  ufiL-ii  liitkiug.  is  wbeu  i>risent  Bin>&j,'  and  cliai-nrirriiillc. 

Obi.— Most  common  iu  arioliitceoua  aciiist,  or  oiliei  scblsis  imperferlly  cryalntllne;  also 
In  gneiss,  mien  schisl  imd  telulcd  rocks;  rarely  in  couuectiou  witli  scrfienllne.  Tlie  variely 
r.biusKiliie  is  commouly  a  L-<>Mtact  niinirral  lu  cluy-slnies,  e.ff.,  adjoining  granttlc  dikes. 
Bomt-limesssdiiciuled  with  slllimiiaile  with  narnlle'  sxi.«. 

Found  ill  Spain,  In  Aiidulusin:  iu  the  Tyrol.  Lisens  Alp;  in  Snxony.  st  BiHimi'dorf; 
Bavaria.  -.A  Wunsiedel,  etc.  lo  Brazil,  province  oi  Miiias  tieraes,  in  line  crj'sluls  nud  u 
rolled  peUblm. 

In  N.  AineiicB.  Id  M»int.  at  Slandisb.  N.  Hump..  While  Mtn.  Nolcl-,;  Man.,  nl  West. 
ford;  LancDster,  lH>th  varleiies;  Sterling,  chiaslolile.  Conn..M  Lilcliflcld  and  Wot-hlnglou. 
Ptnn..  in  Delsw:ir«  Co..  near  I.einerTillc.  Inrge  crysl.;  Upper  Providence. 

Niimeii  from  Aniliilusin,  ihe  Unit  1o<^ii1iiy  noted.  Tbe  nnmi-  mno^  la  from  llie  Latin 
maevln,  n  spot  Chiasliilite  is  from  juioro!,  orranywf  diogonally.  sod  bebce  from  ehi, 
tbe  Greek  name  for  tbe  letter  X. 


SILLIHANmi.     Fibrnlttc. 

Ortlinrlioinhit^.  Axes  d:%  =  0-970  : 1.  mm'"  =  88°  15',  hit'  (2^0  A  330) 
=  (lir.  ['rUtriatic  fai^es  striated  aiid  rounded.  Commonly  in  long  slender 
(crystals  not  distinctly  terminated;  often  in  close  pandlel  groujis,  iinssing  into 
.liijrous  and  columnar  massive  forms;  sometimea  radiating. 

Cleavage:  b  very  perfect.  Fracture  nneveu.  H.  =  D-T.  G.  =  :!-23-3-24. 
Luster  vitreous,  approaching  subadnmantiue.  Color  hair-brown,  grayish 
brown,  grayish  white,  grayish  green,  pale  oILvegreen.  Streak  nncolored. 
Transparent  to  translacent.     Pleochroism  eometiines  distinct.     Optically  -|-t 
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Double   refraction   strong.     Ax.  pi.  ||  J.      Bx  J.  c.     Dispersion  p  >  v.     2E,  = 
44°.     /3  =  1-661 ;  y  ^  a  =  0021. 

P3rr. — Same  as  uDdalusite. 

Diff. — Clmmcrerized  by  its  fibrous  or  columnar  form;  perfect  cleayage;  infusibilitj; 
reaction  for  alumina. 

In  thiu  sections  leco&^tiizcd  by  its  form,  usually  with  transverse  fractures;  parallel 
extinction;  higU  inter fereuce-rolors. 

Obs. — Often  present  in  tlie  quar  z  of  gneisses  and  sometimes  granites  in  very  slender, 
minute  prisms  commonly  aggregated  together  and  sometimes  intergrown  witb  audalusitc; 
iolite  is  also  a  conimcm  associate;  rarely  as  a  contact  mineml;  often  occurs  with  coruudum. 

Observed  in  many  localities,  thus  nenr  Moklau  in  Bohemia  {FiuerkieMli;  at  Fas&i  iu 
Tyrol  (bucholzite);  in  the  Oarnatic  with  corundum  (fibrolite)\  at  Bodenmais.  Bavaria;  Frei- 
berg, Saxony;  in  France,  near  Pon  gibaud  and  other  points  in  Auvergne;  forms  rolled 
masses  in  the  diamantiferous  sands  of  Minas  Geraes,  Brazil. 

In  the  United  States,  in  Massarhuaetts,  at  Worcester.  In  Conveetieut,  near  Norwich, 
with  zircon  monazite  and  corundum;  at  Willimuntic.  1\\  N.  York,  hi  Yorktowu.  West- 
chester Co.;  in  Monroe,  Oniiige  Co.  (monroUie).  In  Fenn.,  at  Chester  on  the  Deliiware, 
near  Queensbury  forge;  in  Delaware  Co. ;  Delaware,  at  Brandy  wine  Springs.  With  corun- 
dum in  N.  Carolina 

N Hmed  fibroliU  from  the  fibrous  massive  variety  {Germ.,  Faserkiesel);  nUitnanite,  after 
Prof.  Benjamin  Silliman  of  New  Haven  (1779-1864). 

Bamlite,  xenolite,  worihite  piobably  belong  to  sillimanite;  the  last  is  altered. 

OTANITE.     Eyanite.     Disthene. 

Triclinic.  Axes  A:l:6  =  0*8994  :  1  :  0*7090  ;  a  =  90^  5^',  /3  =  101**  2', 
y  =  105°  44^.     «c,  100  A  001  =  78°  30';  be,  010  A  001  =  86°  45'; 

846.  Usually   in   long  bladed   crystals,  rarely   terminated. 

. .       Also  coarsely  bladed  colnmnar  to  subfibroos. 

y/j       ^  ^  Cleavage:  a  very  perfect;  ^  less  perfect;  also  parting 

^    '  ^^     I  c.     H.  =  5-7-25;  the  least,  4-5,  on  «  J  (};  6-7  on  a  |  edge 

a/c;  7  on  b.  G.  =  3 -5 6-'^ '67.  Luster  vitreous  to  pearly. 
Color  blue,  white;  blue  along  the  center  of  the  blades  or 
crystals  with  white  margins;  also  gray,  green,  black. 
Streak  uncolored.  Translucent  to  transparent.  Pleo- 
chroism  distinct  in  colored  varieties.  Optically  — .  Ax 
pi.  nearly  _L  a  and  inclined  to  edge  a/b  on  a  about  30% 
and  about  7^  on  b.  2H^r  =  99°  18'  Pfitschthal. 
Comp. — Empirical  formula  Al,SiOj  or  Al,0,.SiO„  like  andalusite  and  silli- 
manite.    Perhaps  a  basic  metasilicate,  (A10)\Si03. 

Pyr.,  etc.— Same  as  for  andalusite.  At  a  high  temperature  (1820**-1880'')  cyaoite  assumes 
the  physical  characters  of  sillimanite. 

Diff. — Characterized  by  the  bladed  form;  common  blue  color;  varying  hardness;  iofusi- 
bility;  reaction  for  alumin?i. 

Obs. — Occurs  principally  in  gneiss  and  mica  schist  (both  the  ordinary  variety  with 
muscovite  and  also  that  with  laragonile)  often  accompanied  by  gtirnet  and  sometimes  by 
staurolite;  also  in  eclocite.     It  is  often  associated  with  corundum. 

Found  in  transparent  crystals  at  Monte  Cam])ione  in  the  St.  Gothard  region  in  Switzer- 
land in  paragonite  schist:  on  Mt.  Greiner.  Zillerthal.  and  in  the  Pfitschthal  {rltofiigite,  white) 
in  Tyrol;  in  eclogite  of  the  Saualpe.  Caiinihia;  Horrsjl^berg  in  Werm'and,  Sweden;  Villa 
Rica,  Brazil,  etc. 

In  Afnss.f  at  Chesterfield,  with  garnet  in  mica  schist.  In  Conn.,  at  Litchfield  and 
Wasliinsrton.  In  Vermont,  at  Thetford.  In  Fenn..  in  Chester  Co.  and  in  Delaware  Co. 
In  Virtjinia,  Buckingham  Co.  In  N.  Carolina,  with  rutile,  lazulite,  etc.,  at  Crowder*s 
Mt.,  Gaston  Co.;  in  Gaston  and  Rutherford  counties  associated  with  conindum,  damoorite; 
beautiful  clear  green  in  Yancey  Co.    Named  from  Kvavoi,  blue. 
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Datolite  Group.     Monoclinic. 


n  m 


n  m 


Basic  Orthosilicates.    HKRSiO,  or  K,R,(SiO,),.    Oxygen  ratio  f or  R :  Si  =  3 : 2. 

II  in 

R  =  Ca,Be,Fe,  chiefly;  R  =  Boron,  the  yttrium  (and  cerium)  metals,  etc. 

Datolite 

HCaBSiO,  or  Ca(BOH)SiO, 
Homilite 

Ca,FeB,Si,0,,  or  Ca,Fe(BO),(SiOJ. 


a 
0-6345 

0-6249 


i  :  i 

1  :  1-2657 

1  :  1-2824 


89^  51' 
89**  21' 


2d  :  i  :  4(5 
0-6474 

a 

0-6273 


1 
1 


1-3330 
1-3215 


79°  44' 


89°  26i' 


Endase 

HBeAlSiO,  or  Be(A10H)SiO, 
Gadolinite 

Be,FeY,Si,0,,  or  Be,Fe(YO),(SiO,). 

The  species  of  the  Datolite  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  all 
crystallize  in  monoclinic  system,  and  all  but  Euclase  conform  closely  in  axial 
ratio;  with  the  latter  there  is  also  a  distinct  morphological  relationship. 


DATOIilTZ]. 

Monoclinic. 


/// 


Axes  a\%  :i  =  06345 

110  A  iTO  =  64*  47. 

100  A  001  =  89'  51'. 

100  A  101  =  45**  0'. 

012  A  012  =  64°  39J'. 


mm 

aCf 

ax, 

99'^ 

7/»,7Wx'.011  A  Oil  =  103''28'. 


1  :  1-2657;  /?  =  89°  51^'. 

en,    001  A  HI  =  66*  57'. 
cm,  001  A  110  =  89''  53'. 
ce,    001  A  112  =  49"  49'. 
nn\  111  A  111  =  59**    4^'. 
ee\  112  A  112  =  48''  19i'. 


Crystals  varied  in  habit;  usually  short  prismatic  with  either  m  or  Wj^  pre- 
dominiitin^;  sometimes  tabular  ||  x  (201);  also  of  other  types,  and  often  highly 
modified  (Figs.  846-849).  Also  botryoidal  and  globular,  having  a  columnar 
structure;  divergent  and  radiating;  sometimes  massive,  granular  to  compact 
and  crypto- crystalliniB. 


846. 


847 


Bergen  Hill. 

Cleavage  not  observed.     Fracture  conchoidal  to  uneven.     Brittle.     H.  = 
5-5-5.    G.  =  2'9-30.    Luster  vitreous,  rarely  subresinous  on  a  surface  of  frac- 
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ture.  Color  white;  sometimes  grayish,  pale  green,  yellow,  red,  or  ametfaystiney 
rarely  dirty  olive-green  or  honey-yellow.  Streak  white.  Transparent  to  trans- 
lucent; rarely  opaque  white. 

Var. — 1.  Ordinary.  In  glassy  crystals  of  varied  liubii.  usually  wilb  a  greeDish  tinge. 
The  augles  in  the  prismatic  and  cliuodome  zones  vary  but  litile;  e.g..  110  a  110  =  64*  47, 
while  Oil  A  Oil  =  ttO**  37',  etc.  2.  Compact  masnve.  While  opaque  cream -colored,  pink; 
breaking  wilb  the  surface  of  porcelain  or  Wedge  wood  ware.  From  the  L.  Superior  region. 
3.  Botryoidal;  BotryoliU.  Radiated  columnar,  having  a  bolryoidal  surface,  and  containing 
more  water  than  the  crystals,  but  optically  identical. 

Comp. — A  basic  orthosilicate  of  boron  and  calcium;  empirically  HCaBSiO^ 
or  H,0.2CaO.B,0,.2SiO,;  this  may  be  written  Oa(BOH)SiO,  =  Silica  376, 
boron  trioxide  218,  lime  350,  water  5*6  =  100. 

Pyr.,  etc.— In  the  closed  tube  gives  off  much  water.  B  B.  fuses  at  2  wilb  intumcscenoe 
to  a  clear  glass,  coloring  the  flame  bright  irreen.     Gelatinizes  with  hydrochloric  acid. 

Diff. — Characterized  by  its  glassy,  greenish.  c:)nkplez  crystals;  easy  fusibility  and  green 
^mc  B  B. 

Obs.— Datolite  is  found  chiefly  as  a  secondary  mincnd  in  veins  and  cavities  in  babic 
eruptive  rocks,  often  associated  with  ctilcite,  prehnite  and  various  zeolites;  sometimes 
associated  with  danburite;  also  in  gneiss,  diorite,  and  serpentine;  in  metallic  veins;  some- 


848. 


849. 


Bergen  Hill. 


Andreasberg. 


times  in  beds  of  iron  ore.  Found  in  Scotland,  in  trap,  at  the  Kilpatrick  Hills,  etc.;  in 
a  l)ed  of  magnetite  at  Arendal  in  Norway  {hotryMe)\  at  Ut5  in  S^aeden:  at  Andreasberg 
in  diabase  nnd  in  veins  of  silver  ores;  in  RhenishBavaria  {i\\ehumholdtiU)\  at  the  Seisaer  Alp, 
Tyrol,  and  at  Theiss.  near  Claussen.  in  geodes  in  amygdaloid;  in  granite  at  Baveno  near 
Lago  Magpriore;  at  Toggiana  in  Modena,  in  serpentine;  Monte  Catini  in  Tuscany. 

In  the  U.  8.  not  uncommon  with  the  diabase  of  Connecticut  and  Masitaclmsetts.  Thus 
at  the  Rocky  Hill  quarry,  Hartford.  Conn.;  at  Middlefield  Falls  and  Roaring  Brook,  Conn. 
In  N.  Jersey,  at  Bergen  Hill,  in  splendid  crystals;  at  Paterson,  Passaic  Co.  Both  crysUls 
and  the  opaque  compact  variety,  in  the  Lake  Superior  region. 

Named  from  dareia^at,  to  divide,  alluding  to  the  granular  structure  of  a  massive 
variety. 

Homilite.  (Cn.Fe),B,Si,0,o  or  (Ca.Fe)i(BO)7(Si04)«.  Crystals  often  tabular  |  c:  angles 
near  those  of  datolite.  H.  =  5.  G.  =  3-38.  Color  black,  blackish  brt>wn.  Found  on  the 
island  Slok5  and  other  islands,  in  the  Langesund  fiord,  Norway. 

Euclase.  HBeA18iO»  or  BerA10H)Si04.  In  prismatic  crystals.  Cleavage  :  6(010) 
perfect  H.  =  75.  G  =  3*05-8*10.  Luster  vitreous.  Colorless  to  pale  green  or  blue. 
From  Brazil,  in  the  province  of  Mina«  Geraes;  in  the  auriferous  sands  of  the  Orenburg 
district,  southern  Ural,  near  the  river  Sanarka;  in  the  Glossglockner  region  of  the  Austrian 
Alps. 

Qadolinite.  Be,FeY,Si,0,o  or  BeaFp(YO)8Si04)a.  Crystals,  often  prismatic,  rough 
and  coarse:  commonly  in  masses.  Cleavage  none.  Fracture  conchoidal  or  splintery. 
Brittle.  H.  =  6-5-7.  G.  =  40-4-5;  normally  4-86-4  47  (anisotropic),  4*34-4  d9  (isotropfe 
and  amorphous  from  alteration).     Luster  vitreous  to  greasy.     Color  black,  greenlsb  black. 
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also  brown.    Prom  near  Falun  and  Ytterby,  Sweden;  HitterO,  Norway;  also  in  Llano  Co.^ 
Texns,  iu  nodular  masses  and  rough  crystals,  sometimes  up  to  40  or  60  pounds  in  weight. 

The  yttrium  eiirths  or  "gadoliuite-earths"  (partly  replaced  by  the  oxides  of  cerium» 
lanthanum  and  didymium)  form  a  complex  group  which  contains  considerable  erbium^ 
also  several  new  elements  (ytterbium,  scandium,  etc.)  of  more  or  less  definite  character. 

Tttrialite.  A  silicate  of  thorium  and  the  yttrium  metals  chiefly.  Massive;  amorphous. 
6.  =  4*575.  Color  on  the  Tresh  fracture  olive-green,  changing  to  orange-yellow  on  surface* 
Ass(K;iated  with  the  gadolinite  of  Llano  Co.,  Texas. 

Rowlandite.  An  yttrium  silicate,  occurring  massive  with  gadolinite  of  Llano  Co.^ 
Texas;  color  d nib-green. 

Mackintoshite.  Silicate  of  uranium,  thorium,  cerium,  etc.  Massive.  Color  blacks 
Llano  Co.,  Texas. 


Epidote  Group.     Orthorhombic  and  Monoclinic. 

n   III  n     m  m 

Basic  Orthosilicates,  HE,R,Si,0„  or  R,(ROH)R,(SiO,), 

u  11         m  mm 

R  =  Ca,Fe;  K  =  Al,Fe,Mn,Ce,  etc.  * 
a.  OrtharhonUnc  Section. 

Zoisite  Ca,(A10H)Al,(SiOJ,  0-6196  :  1  *:  0  3429 

p.  MatiocUnic  Section. 

p^i^nfn  i  wCa,(A10H)Al,(SiO,),  a:h:i 

jspiaoie  ^  nCa,(FeOH)Fe,(SiO,),  1-5787  :  1  :  1-8036     64°  37*^ 

Piedmontite      CX(A10H)(Al,Mn),(SiO,),  1-6100  :  1  :  1-8326    64°  39*^ 

Allanite  (Ca,Fe),(A10H)(Al,Ce,Fe),(SiO,),     1-5509  :  1  :  1-7691     64°  59' 

The  Epidote  Group  includes  the  above  complex  orthosilicates.  The 
monocliuic  species  agree  closely  in  form.  To  them  the  orthorhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono- 
clinic  orthodomes,  etc.     Thus  we  have  : 

Zoisite    mm"\  110  a  110  =  68'  84'.        Epidote    cr,      001  A  101  =  eS**  42'. 

uu\      021  A  021  =  68*  54'.  mm\  110  A  HO  =  70*    4'.  etc 

There  seems  to  be,  however,  a  monoclinic  calcium  compound,  having  the  com* 
position  of  zoisite,  but  monoclinic  and  strictly  isomorphous  with  ordinary 
epidote;  it  is  called  clinozoisite. 

ZOISITB. 

Orthorhombic.     Axes  ail:t=^  0  6196  :  1  :  0-34295. 

mm"\  110  A  110  =  63'  84'.  jT.    Oil  A  Oil  =  37*  62'. 

dd\      101  A  101  =  57"  56'.  oo"\  111  A  111  =  33"  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldonk 
distinctly  terminated.     Also  massive;  columnar  to  compact 

Cleavage:  h  very  perfect.  Fracture  uneven  to  subconchoidal.  Brittle. 
H  =  ()~G*5.  G.  =  3*25-3-37.  Luster  vitreous  ;  on  the  cleavage-face,  h,  pearly. 
Color  grayish  white,  gray,  yellowish  brown,  greenish  gray,  apple-green ;  also 
peach- blossom-red  to  rose-red.  Streak  uncolored.  Transparent  to  subtrans- 
lucent. 

Pleochroism  strong  in  pink  varieties.  Optically  -+-.  Ax.  pi.  usually  |  5; 
also  II  c.  Bx  _L «.  Dispersion  strong,  p  <  v;  also  p  >  v.  Axial  angle  variable 
even  in  the  same  crystal.     2Er  =  42°-90°.     /H  =  1-696;  ;/  —  a  =  0-006. 
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Var. — 1.  Ordinary.  Colors  gray  to  white  and  brown;  also  green.  Usually  in  indistinct 
prismatic  or  columnar  forms;  also  in  fibrous  aggregiites.  O.  =  3'226-3'381.  Unionite  is  a 
Tery  pure  zoisite.  2.  Rose-red  or  Thulite.  Fragile;  pleochroism  strong.  3.  tompaei, 
maMtve.  Includes  the  essential  part  of  most  saussurite  {e.g.^  in  saussurite-gabbro),  which 
has  arisen  from  the  alteration  of  feld8()ar. 

Comp.— HCa,Al,Si,0„  or  4CaO. 3 Al,0,.6SiO,. H,0  =  Silica  39-7,  alumina 
33*7,  lime  24*6,  water  2-0  =  100.  The  alumina  is  sometimes  replaced  by  iron, 
thus  graduating  toward  epidote,  which  has  the  same  general  formula. 

P3rr.,  etc. — B.B.  swells  up  and  fuses  at  8-8 '5  to  a  white  blebby  mass  Not  decomposed 
by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Gives  off  water 
when  strongly  ignited. 

Diff. — Characterized  by  the  columnar  structure;  fusibility  with  intumescence;  resembles 
dome  amphibole. 

Distinguished  in  thin  sections  by  its  high  relief  and  very  low  interference-colors;  lack 
of  color  and  biaxial  character.  From  cpidote  it  is  distinguished  by  its  lack  of  color  and 
low  birefringence;  from  vesuvianite  by  its  color  and  biaxial  character.  Thin  sections  fre- 
quently show  the  **uUr(i  blue**  (p.  428)  between  crossed  nicols. 

Obfl. — Occurs  especially  in  those  crystalline  schists  which  have  been  formed  by  the 
dynamic  metainorphism  of  basic  igneous  rocks  containing  plagioclase  rich  in  lime.  Com- 
monly accompanies  some  one  of  the  amphiboles  (actinolite,  smamgdite.  glaucophane,  etc.); 
thus  m  amphibolite,  glaucophane  schist,  eclogite;  often  associated  with  corundum. 

Tlie  original  zoisite  is  that  of  the  eclogite  of  the  Saualpe  in  Caiinthia  {sawilpUe),  X)ther 
localities  are:  Kauris  in  Salzburg:  Sterzing,  etc..  in  Tyrol;  the  Fichtelgebirge  in  Bavaria; 
Marschendorf  in  Moravia;  Saasthal  in  Switzerland;  the  island  of  Syra,  one  ot  the  Cyclades, 
in  glaucophane  schist.  Thulite  occurs  at  Eleppan  in  Tellemarken,  Norway,  and  at  Tra- 
verscUa  in  Piedmont. 


EPIDOTE.    Pistacite.    Pistazit,  Germ. 

Monoclinic.    Axes  a  :  i  :  <J  =  1*5787 

mm"\  110  A  110  =  109"  56'. 
ca,  001  A  100  =  64'*  37. 
cd,  001  A  101  =  84"  48'. 
er,        001  A  101  =    68"  42'. 


.  :  1-8036;  /?  =  64'  37'. 

el,   001  A  201  =  SO**  26'. 

CO,  001  A  Oil  =  58,28'. 

en.  001  A  111  =  75"  11'. 
an'",  100  A  111  =  69"  2'. 
n/i'".  ill  A  Hi  =  70"  29'. 


ar',       100  A  101  =    51"  41'. 

Twins :  tw.  pi.  a  common,  often  as  embedded  tw.  lamellae.   Crystals  usually 
prismatic  \  the  ortho-axis  1>  and  terminated   at  one  extremity  only;  passing 


860. 


862. 


863. 


861. 


into  acicular  forms;  the  faces  in  the  zone  ac  deeply  striated.  Also  fibrous, 
divergent  or  parallel;  granular,  i)article8  of  various  sizes,  sometimes  fine 
granular,  and  forming  rock-masses. 
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Cleavage:  c  perfect;  a  imperfect.  Fracture  nneTen.  Brittle.  H.  =  6-7. 
<T.  =  3*25-3*5.  Luster  Titreoas;  on  c  inclining  to  pearly  or  reeinoas.  Color 
pistachio-green  or  yellowish  green  to  brownish  ''^^ 

^een,  greenish  black,  and  black;  sometimes 
clear  red  and  yellow;  also  gray  and  grayish 
white,  rarely  colorless.  Str«u:  ancolored,  gray* 
ish.  Transparent  to  opaqae:  generally  sab- 
transhicent. 

Pleochroism  strong:  vibrations  |  c  green,  6 
brown  and  strongly  absorbed,  a  yellow.  Absorp- 
tion usnally  b  >  c  >  a  ;  but  sometimes  c  >  b  > 
a  in  the  variety  of  epidote  common  in  rocks. 
Often  exhibits  idiophanous  figures;  best  in  sec- 
tions normal  to  an  optic  axis,  bat  often  to  be  ob- 
served in  natural  crystals  (Sulzbach),  especially 
if  flattened  |  r  (lOl).  (See  p.  218.)  Optically  -. 
Ax.  pi.  I  6.  Bx.^r  A  <^  =  -  2°  56'.  Hence  c  J.  a  (100)  nearly.  Dispersion 
inclined,  strongly  marked;  of  the  axes  feeble,  p>  r.  2^,^^  =  91°  20'. 
fij  —  r75702.       birefringence  high,  y  —  a  =  0038  —  0-056. 

Var. — Epidote  bus  onlinarily  a  peculiar  yellowish  green  (pistachio)  color,  seldom  found 
ID  other  Tuiiierals.  But  this  color  passes  into  dark  and lijiht  shades — black  on  one  side  and 
browD  on  the  other;  n:d,  yellow  and  colorless  varieties  also  occur. 

Var.  1.  Ordinary,  t'olor  green  of  some  shade,  as  described,  the  pistachio  tint  rarely 
iibsent.  (a)  In  crysuls.  (&)  Fibrous,  {e)  Granubir  massive,  {d)  Sturza  is  epidote  sand 
from  the  goM  washings  in  Transylvania.  The  Arendal  epidote  (^rencftf/tY^)  is  mostly  in 
dark  green  crystals;  that  of  Bourg  (I'Oisans  Dauphine  (ThnllUe,  DelphiniU,  Oiianiie)  in  yel- 
lowish-ereen  crystals,  sometimes  transparent,  f*u4ehkiniU  includes  crystals  from  the  aurif- 
erous sands  c»f  Ekaterinburg.  Ural.  AchnuitiU  is  ordinary' epidote  from  Acbmatovsk,  Ural. 
A  varietv  from  G:irda,  Hoste  Is..  Terra  del  Fuego,  is  colorless  and  resembles  zoisite. 

2.  The  fiurkl4i7idiu  from  Achmatovsk,  de8cril»e<l  by  Hermann,  is  black  with  a  tinge  of 
green,  and  differs  from  ordinary  epidote  in  having  the  crystals  nejirly  symmetrical  and  not, 
like  other  epidote.  lengthened  in  the  direction  of  the  orthodiagonal.     G.  =r  3  51. 

3.  WithnntiU.  (Carmine-red  to  straw -yellow,  rtrongly  pleochroic;  deep  crimson  and 
straw  yellow,  li.  =  (^-6  5;  G.  =  3*137;  in  small  radiated  groups.  From  Glencoe,  in  Argyle- 
sbire.  Scotland.     Sometimes  referred  to  piedmontite,  but  contains  little  MnO. 

Comp.— HCa,(Al,Fe).Si.O..  or  H,0.4Ca0.3(Al,Fe.),0,.6SiO„  the  ratio  of 
aluminium  to  iron  varies  commonly  from  6  :  1  to  3  :  2.  Percentage  composi- 
tion: 

For   Al :  Fe  =  3  : 1   SiO,  37  87.  A1,0.  2413,  Fe,0,  12  «0.  CaO  23  51,  H,0  189  =  100 

ClinotoitiU  is  an  epidote  without  iron,  having  the  composition  of  zoisite;  fmiqueitt  is 
probably  the  same  from  an  anorthite-gneiss  in  Ceylon.  Picroepidote  is  supposed  to  contain 
Mg  in  f)hi<e  of  Ca. 

Pyr..  etc  —In  the  closed  tube  gives  water  on  strong  ignition.  B.B.  fuses  with  intumes- 
cence al  ii-'4  5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  someiimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
bill  when  pieviously  ignited,  gelatinizes  with  acid,  Decomposed  on  fusion  with  alkaline 
carbouaU'S 

Diff— Characterized  often  by  its  peculiar  yellowish-green  (pistachio)  color:  readily  fusi- 
ble and  yields  :i  magnetic  globule  B.B.  Prismatic  forms  often  longitudinally  striated,  but 
they  have  not  the  angle,  cleavage  or  brittleness  of  tremolite;  tourmaline  has  no  distinct 
cleavage,  is  less  fusible  (in  common  forms)  and  usually  shows  its  hexagonal  form. 

Kecoguized  in  thin  sections  by  iu  high  refraction;  strong  interference-colors  rising  into 
those  of  the  third  order  in  ordinary  sections;  decided  color  and  striking  pleochroism;  also 
by  the  fact  that  the  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of  the 
<;rvsiaU. 
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Ob«. — Epidote  is  commooly  formed  by  the  meUimorphism  (both  local  igneous  and  of 
geucral  dyuumic  chamcter)  of  impure  calcareous  sedimentary  rocl(s  or  igneous  rocks  cou- 
tainiDg  much  lime.  It  thus  often  occurs  in  gueissic  rocks,  mica  schist,  amphilMile  £cliii»t, 
serpentine;  so  also  in  quartziies  and  sandstones  altered  by  neighboring  igneous  rocks. 
Often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Has  al»o  been  found  iu 
granite  (Hobbs,  Maryland),  and  regarded  as  an  original  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actiuolite,  axiuiie.  chlorite,  etc.  It  some- 
times forms  with  quartz  an  epidote  rock,  called  tpidonite.  A  similar  rock  exists  at  Mel- 
bourne in  Canada.  A  gneissoid  rick  consisting  of  ilesh-colored  orthoclase,  quartz  and 
epidote  from  the  Unaka  Mts.  (N.  C.  and  Tenn.)  has  been  called  unakvte. 

Beautiful  crystall  zations  come  from  Bourg  d  Oisiuis,  Dauphine;  the  Ala  valley  and 
Travcrsella,  in  Piedmont;  Elba;  Zermatt:  Zillerihal  in  Tyrol;  also  in  tine  crystals  from  ibe 
Knappenwsnd  in  the  Untersulzbaclithal,  Pinzgau,  associated  with  asbesius,  adularia,  ana- 
tite,  tiianite.  scheelite;  further  at  Striegau.  Silesia;  ZOptau,  Moravia;  Arendal,  Norwuy;  the 
Aciimatovsk  mine  near  Zlatoust,  Ural. 

In  N.  Ameiica.  occurs  in  N.  Hamp.,  ht  Franconia.  In  Mass.,  at  Hadlyme  and  Chester, 
in  crystals  in  gneiss;  at  Atliol.  in  syenitic  gneibs,  in  line  crystals,  2  m.  S.  W.  of  the  center 
of  the  town:  Newbury,  in  limestone.  In  O/i/*..  at  Haddain,  in  large  splendid  crystals. 
In  N.  York,  near  Amity;  Monroe,  Orange  Co.;  Warwick,  pale  yellowish  green,  withtltanite 
and  pyroxene.  In  N.  Carolina,  at  Hampton's,  Yancey  Co. ;  White's  mill.  Gaston  C<»  ;  Frank- 
lin, Macon  Co.;  in  crystals  and  crystalline  masses  in  quartz  at  White  Plains,  Alexander 
Co.     In  Michigan,  in  the  Lake  Superior  region,  at  many  of  the  mines. 

Epidote  was  named  by  Hally,  from  the  Greek  eitiSoo'i^,  increase,  translated  by  him, 
**qui  d  re9u  un  accroissement,"  the  base  of  the  prism  (rh<>mb<»idal  prism)  having  one  side 
longer  than  the  other.  Pistaeiie,  from  moraKia,  the  pietachio-nut,  refers  to  the  color. 

Piedmontite.  Similar  in  angle  to  ordinary  epidote,  but  contains  5  to  15  p.  c.  M«aO». 
H.  =  6*5.  G.  =  3*404.  Color  reddish  brown  and  reddish  black.  Pleochroism  sirone. 
Absorption  a  >  b  >  c.  Optically  +.  Ax.  pi.  |  h.  Bx..,  /\  h=  -\-%'Z''  34  .  a  a  <^  =  -  6" 
to  —  3*.  Occurs  with  manganese  ores  at  St.  Marcel,  Piedmont.  In  crystalline  schists  on 
He  de  Groix,  France;  in  glaucopliane-schist,  in  Japan.  Occasionally  in  quartz  porphyry, 
as  in  the  antique  red  porphyry  of  Egypt,  also  that  of  South  Mountain,  Peun. 

▲LLANITZS.     Orthite. 

Monoclinic.  Axes,  p.  437.  In  angle  near  epidote.  Crystals  often  tabu- 
lar \  it ;  also  long  and  slender  to  acicular  prismatic  by  elongation  ||  axis  i. 
Also  massive  and  in  embedded  grains. 

Cleavage:  a  and  c  in  traces  ;  also  m  sometimes  observed.  Fracture  uneven 
or  subconchoidal.  Brittle.  H.  =  5  5-6.  G.  =  3'0-4*2.  Luster  submetallic, 
pitchy  or  resinous.  Color  brown  to  black.  Subtranslucent  to  opaque.  Pleo- 
chroism  strong  :  c  browiiish  yellow,  b  reddish  brown,  a  greenish  brown.  Opti- 
cally — .  Ax.  pi.  II  h,  Bxa  A  ^  =  32^°  ajpprox.  (i  =  1-682.  Birefringence 
low  \  y  —  a  —  0*032.  Also  isotropic  and  amorphous  by  alteration  analogous 
to  gadolinite. 

Yvr.—AUaniie.  The  original  minenil  was  from  East  Greenland,  in  tabular  ciystals 
or  plates.  Colo  black  or  bro  nisli  black.  G.  =  8-50-3*95.  BucklandiU  is  anhydrous 
allanite  in  small  black  crystals  from  a  mairnetile  mine  near  Arcndal,  Norwa".  BagraUon- 
ite  occurs  in  black  crystals  which  are  like  the  burklandite  of  Achmatovsk  (cpidoteV 

Orthite  inrluded.  in  iis  original  use.  the  slender  or  acicular  prismatic  crystals,  confninin.e 
some  water,  from  Finbo.  near  Falun,  8wcd**n.  But  these  graduate  into  ma^slvo  forms,  a"d 
some  orthites  are  anhydrous,  or  as  nearly  so  as  most  allaniie.  The  name  is  from  o/jfio?. 
straight,  „  ^^  ^ 

Comp.— Like    epidote    HRR,Si,0.,  or  H,0.4R0.3R,0,.6SiO,  with  R  =  Ca 

and  Fe,  and  R  =  Al.Fe,  the  cerium  metals  Ce,  Di,  La,  and  in  rmaller  amounts 
those  of  the  yttrium  group.  Some  varieties  contain  considerable  water,  but 
probably  by  alteration. 

Pyr. ,  etc.— Some  varieties  give  much  water  in  the  closed  tube,  and  all  kinds  yield  a  small 
amount  on  strong  ignition.    B.B.  fusts  easily  and  swells  up  (F.  =  2-5)  to  a  dark,  blebhy. 
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magnetic  glass.  With  the  fluxes  reacts  for  irou.  Most  varieties  gelatiuize  with  hydrochloric 
acid,  but  if  previously  igoiied  are  nut  decomposed  by  acid. 

Obs. — Occurs  iu  albitic  uud  coiniiiuu  feldsputhic  gniuite,  gueiss,  syenite,  zircon- syenite, 
porj>hyry.  Thus  in  Greenland  ;  Norway  ;  Sweden  ;  Striegnu,  Silesia  Also  in  white  lime- 
»ioue  lis  at  Auerbach  on  the  Bergstrasse  ;  orten  in  mines  of  magnetic  iron.  Kalher  comrium 
as  un  iiccessijry  coiistiluenl  in  many  rocks,  as  iu  andesite.  diorite,  dacite,  rh>  olite,  ihe  tonalite 
of  Mt.  Adamello,  the  scapolite  rocks  of  Odegaarden.  Norway,  etc.  Someiimes  inclosed  as 
a  nucleus  iu  crystals  of  iht*  isomorph.ius  species,  epidote. 

At  Vesuvius  in  ejected  masses  with  sanidine,8()dalite.  nephclite,  hornblende,  etc.  Simi- 
larly in  trachyiic  ejected  musses  at  the  Laacher  See  {bucklandile). 

In  Jfas$„  at  the  Bolton  quarry.  In  N.  York,  Moriah,  Essex  Co.,  with  magnetite  and 
apatite  ;  at  Monroe,  Orange  Co.  In  N.  Jersey,  at  Franklin  Furnancc  with  feldspar  and  mag- 
netite. In  Penn.,  at  S.  Mountain,  near  Bethlehem,  in  large  crystals  ;  at  £.  Braitford  ;  near 
Eckliardi's  furnace,  Berks  Co. .  abundant.  In  Virginia,  in  large  masses  in  Amherst  Co.;  alsp 
in  Bedford,  Nelson,  and  Amelia  counties.  In  N.  Carolina,  at  many  points.  At  the  Devil's 
Head  Mt.,  Douglas  Co  ,  Colorado. 


AXINITB. 

Triclinic.     Axes  df :  X  :  (5  =  04921  :  1  :  0-4797  ;  a  =  82°  54',  /?  =  91°  52', 
^  ^  131°  32'. 

866.  866.  867. 


M 


i     m 


Dauphin^.  Poloma.  Bethlehem,  Pa. 

am,  100  A  100  =  15*  84'.  Mr,  liO  A  ill  =  45*  16'. 

aJV,  100  A  110  =  28*  55'.  mr,  110  A  111  =  64**  22'. 

a#,  100  A  201  =  2r  87'.  iiw.  110  A  201  =  27"  57'. 

Crystals  usually  broad  and  acute-edged,  but  varied  in  habit.  Also  massive, 
lamellar,  lamellsB  often  curved  ;  sometimes  granular. 

Cleavage  :  h  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6*5-7.  G.  = 
3-27I-3-294.  Luster  highly  glassy.  Color  clove-brown,  plnm-blue,and  pearl- 
gray  ;  also  honey-yellove,  greenish  yellow.  Streak  uncolored.  Transparent  to 
subtranslncent.  Pleochroism  strong.  Optically  — .  Ax.  pi.  and  Bx^  approxi- 
mately 1  X  (111).  Axial  angles  variable.  211^^  =  87°  30'  ;  y^^  =  1*678. 
Pyroelectric  (n.  234). 

Comp.— Al)oro-8ilicate  of  aluminium  and  calcium  with  varying  amounts  of 
iron  an(l  manganese.  Perhaps  II,R,(BO)Al,(SiO J,  (Whitfield.)  R  =  Cal- 
cium  chiefly,  sometimes  in  large  excess,  again  in  smaller  amount  and  manga- 
nese prominent ;  iron  is  present  in  small  quantity,  also  magnesium  and  basic 
hydrogen. 

Analyses.     1,  Whitfield  :  2,  Oenth. 

G.      SiO,    B,0,  A1,0,  Fe,0,  FeO    MnO  CaO  MgO  i.j?n. 

1.  Bour^d'Oisnns            41*58    4  63    17-90    390    403      3'7&  2166  0  74  2  16=10082 

2.  Franklin.  tfry#^  8  358  43-77    5  10    16  73    103    1  ^O*  13  69  1825  028  0*76  =  100*16 

•ZnO.  including  013  CuO. 

Pyr. ,  etc.— B.B.  fuses  readily  with  iDtumescence.  imparts  a  pale  green  color  to  the  O.P., 
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and  fu8«  at  2  to  a  dark  green  to  binck  glass  ;  with  borax  in  O.F  gives  an  amethystine 
bead  (manganese),  which  iu  RF.  becomes  yellow  (iron).  Fused  with  a  mixture  of  bisufpbate 
of  potash  and  Huor  ou  the  platluum  loop  colors  the  fiauie  green  (boric  acid).  Not  decom- 
posed by  acids,  but  when  prcTiously  ignited,  gelutinizes  with  hydrochloric  acid. 

Obs, — Axinite  occurs  iu  clove-browu  crystals,  near  Bourg  d'Oisan^  iu  Daupbin€  ;  at 
Andreasberg  ;  Striegau,  Sile^  ;  on  Mt.  Skopi,  in  eastern  Switzerland  ;  Elba  ;  at  the  silver 
mines  of  Kougsberg,  Norway  ;  Nordmark,  Swedeu  ;  near  Miask  in  the  Ural  ;  in  Cornwall, 
of  a  dark  color,  at  the  Botallack  miue  near  St.  Just.  etc. 

In  the  U.  8.,  at  Phippsburg,  Maine  ;  Frauklin  Furnace,  N.  J.,  honey -yellow  ;  at  Beth- 
lehem. Pa. 

Named  from  d^irrf,  an  axe,  in  allusion  to  the  form  of  the  crystals. 


Orthorhombic-bemimorphic.     Axes  &  \h  :  t  =  0*8401  :  1 :  0*5549. 

Distiuct  individual  crystals  rare;  usually  tabular  1  c;  sometimes  prismatie 
mm"^  =  80°  4';  again  acute  pyramidal.  Commonly  in  groups  of  tabular 
crystals,  united  by  c  making  broken  forms,  often  barrel-sbaped.  Reniformy 
globular,  and  stalactitic  witb  a  crystalline  surface.  Structure  imperfectly 
columnar  or  lamellar,  strongly  coherent:  also  compact  gianular  or  impalpable. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  6-6*5.  G.  =  2*80- 
2'95.  Luster  vitreous;  c  weak  pearly.  Color  light  green,  oil-green,  passing  into 
white  and  gray;  often  fading  on  exposure.  Subtransparent  to  translucent. 
Streak  un colored. 

Comp. — An  acid  ortbosilicate,  H,Ca,Al,(SiOJ,  =  Silica  43*7,  alumina  24*8, 
lime  *27*1,  water  4*4  =  100. 

Prehnite  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated ;  the 
water  here,  however,  has  been  shown  to  go  off  only  at  a  red  heat,  and  hence  plays  a  differ- 
ent part. 

Pyr..  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a 
blehby  enamel-like  glass.  Decomposed  slowly  ly  hydrochloric  ac id  without  gelatinizing; 
after  fusion  dissolves  readily  with  gelaiinization. 

Diff. — B  B.  fuses  readily,  unlike  beryl,  green  quartz,  and  chalcedony.  Its  hardness  is 
greater  than  that  of  ilie  zeolites. 

Obs. — Occurs  chiefly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  mineral 
in  veins  and  cavities,  often  associated  with  some  of  the  zeolites,  nl.-o  datolite,  peclolile, 
calcite.  but  commonly  one  of  the  first  formed  of  the  senes;  also  less  often  in  gmnite,  gneiss, 
syenite,  and  then  frefjuently  associated  with  epidote;  sometimes  associated  with  native 
copper,  as  in  the  L.  Superior  region. 

At  St.  Christ ophe.  near  Bourg  d'Oisans  in  Dauphiue;  Fassa thai,  Tyrol;  the  Ala  valley 
in  Piedmont  :  in  the  Harz.  near  Andreasberg ;  in  granite  at  Striegau,  Silesia;  Arendal. 
Norway;  .^Edelfors  in  Sweden  (edeliU);  at  Corstorphiue  Hill,  near  Edinburgh;  Moume  Mta., 
Irehnid. 

In  iho  United  States,  finely  crystallized  at  Farmington,  Conn.;  Paterson  and  Bergen 
Hill.  N.  .!.•  in  syenite,  at  Somerville,  Mass.;  on  north  shore  of  Lake  Superior,  and  the 
copi>er  recion. 

Named  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Qood  Hope. 

Harstigite.  An  acid  ortbosilicate  of  manganese  and  calcium.  In  small  colorless  pris- 
matic crystals.  H.  =  5-5.  G.  =  3049.  From  the  Harslig  mine,  near  Pajsberg,  Werm- 
land.  Sweden. 

Ouspidine.  Contains  silica,  lime,  fluorine,  and  from  alteration  carl)on  dioxide;  formula 
doubtful.  In  minute  spear-shaped  crysUls  H.  =  5-6.  G.  =  2-853-2-860.  Color  pale 
rose  red.     From  Vesuvius,  in  ejected  masses  in  the  tufa  of  Monte  Somma. 


rv.  Subsilicates. 

The  species  here  included  are  basic  salts,  for  the  most  part  to  be  referred 
either  to  the  metasilicates  or  orthosilicates.  like  many  basic  compounds  already 
included  in  the  preceding  pages.  ITntil  their  constitution  is  definitely  settleo, 
however,  they  are  more  conveniently  grouped  by  themselves  as  Subsilicates. 
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It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  bases 
of  2  :  3,  like  topiiz,  andsilusite,  sillimanite,  datolite,  etc.,  also  calamine^  car- 
pholite,  :ind  perhaps  tourmaline,  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid,  H.SiO^. 

The  only  prominent  group  in  this  subdivision  is  the  Humite  Group. 

Uumite  Group. 

a:  h : 6  6 

Proleotite        [Mg(F,OH)],Mg[SiOJ.?    Monoclinic         1-0803 •  1:*  1-8861     90'' 

Chondrodite    [Mg(F,OH)l,Mg,[SiOJ,    Monoclinic         10863 : 1 : 3-1447    90'' 

Humite  [Mg(F,OH)],Mg,[SiOJ,     Orthorhombic    1-0802:  l:'4-4033     - 

Clinohumite    [Mg(F,OH)j,Mg,[SiOJ,     Monoclinic         1-0803: 1: 56588     90*' 

The  species  here  included  form  a  remarkable  series  both  as  regards  crys- 
talline form  and  chemical  composition.  In  crystallization  they  have  sensibly 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almost  exactly 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  below^.  Furthermore,  though 
one  species  is  orthorhombic,  the  others  monoclinic,  tney  here  also  correspond 
closely,  since  the  axial  angle  ft  in  the  latter  cases  does  not  sensibly  aiffer 
from  OO''. 

In  composition,  as  shown  by  Pen  field  and  Howe  (also  Sjogren),  the  last 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  group 
( MgF )  or  (Mj^OH)  enters,  while  the  Mg  atoms  present  are  in  the  ratio  of  3 : 5 : 7. 
The  composition  given  for  Prolectite  is  theoretical  only,  being  that  which 
won  hi  be  expected  from  its  crystallization.  In  physical  characters  these 
species  are  very  similar,  and  several  of  them  may  occur  together  at  the  same 
locality  and  even  intercrystallized  in  parallel  lamellae. 

TJie  species  of  the  group  approximate  closely  in  angle  to  cbrysollte  and  chrysoberyl. 
The  axial  nitios  may  be  compared  as  follows: 

Prolectite d:    t:  J  <^  =  1-0803  :  1  :  0-6287 

Cliondrodite d:    t:  J(j  =  10863:  1.0  6289 

Humiie 5:    rl:  |  <i  =  10802  ;  1  :  0-6291 

CliDobumite a:    S:  j  c  =  10808:  1 :  06288 

Chrysolite l:%di     i=  1-0785:  1  :  06296 

Chrysoberyl S  :  2<i :     h-  10687  :  1 :  06170 

CHONDRODITB— HUMITB— OLINOHUBfrm. 

Axial  ratios  as  given  above.  Habit  varied,  Figs.  858  to  866.  Twins 
common,  the  twinning  planes  inclined  60°,  also  30°,  to  c  in  the  brachydome 
or  clinodome  zone,  hence  the  axes  crossing  at  angles  near  60°;  often  repeated 
as  trillings  and  as  polysynthetic  lamellae  (cf.  Fig.  556,  p.  226).  Also  twins, 
with  c  (001)  as  tw.  plane.    Two  of  the  three  species  are  often  twinned  together. 

Cleavage:  c  sometimes  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  G-G-5.  G.  =  3-1-3-2.  Luster  vitreous  to  resinous.  Color 
white,  light  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red      Pleochroism  sometimes  distinct.     Optically  +. 

ChondroiliU.  Absorption  a  >  c  >  t».  Optically  -f .  Ax.  pi  and  Bx«  i  ft.  Bvo  a  <^  = 
a  A  A  =  -f  •,>5'  52'  Brew8ter:  28*  56'  Knfveltorp:  30"  npprox.,  Mte.  Sorama.  fi=  1-619: 
y  -  a  =  0  0:3-3.     2H«  ,  =  86'  to  89". 

Hnmile.     Ax    |)1.  \c.     Bx  J.  a.     y  —  a  =  0035. 

Clinohumite  Ax.  pi.  and  Bx,  i  ft.  Bxo  A<i  =  aA^  =  +  ir-12'*;  7i*  approx.,  Brew- 
»ter.     :^H..,=  85". 
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Piga.  SaS,  em,  OhmdrodOe,  Bravster,  N.  T.  CbondTodiU,  Sweden. 

i(012).    •,(108),    *,  (101),  r,  (127),  r,  (128),    r,  (125).    r,  {121>,    n,  (HI). 

861.  662.  863. 


Figs.  861,  663,  CkondrodiU,  Mte.  Somina. 

Sytnbola  see  sboye. 

864.  Bfi6. 


HtimiU,  Sweden. 

0,(310).  «i  (015).  «,  (018). 


HumiU,  Vesuvius  CHnohumite,  Bren'stcr.         CHnohumU*,  Mle.  Somou. 

e.(Ori),     r,  (2110),    r,  (216).  »,(014),  1.(013).  «,  (103),  <t.(10I),  r.(127).  r,(ia3). 

r.(JI2),    »,(113).   n,(lll),  r.(12.5).     r.  (121). 

Com^.— Basic  fluosilicates  of  mngnesium  with  related  formulas  as  shown 
in  tlie  t;i!jle  above.  Hydroxy!  replaces  part  of  the  fluorine,  and  iron  often 
takes  the  ])Iace  of  magnesium. 


Aiialysfs  by  Peofield: 

SiO, 

MrO 

PeO 

P 

H,0 

ChondrodiU,  Brewster 

33  67 

5-M 

5-80 

3-65  =  102-2B 

Mie.  Bomma 

33  87 

5646 

8-oe 

515 

2-82  =  101 -M 

JIumiU. 

86-63 

56  4S 

385 

808 

2-45  =  100-W 

CHnohumite, 

8803 

54  00 

4-83 

306 

1-U  =  100-86 

Pyr.,  •(«.— B.B.  iofiuible;  some  Torietles  blsckeo  sod  tlien  bura  nbite.    Fusfil  njiL 

potaaaium  biBulphait;  in  tbe  closed  tubn  gIveB  a  retictliiu  for  fluurlue.  WilL  Ibe  Quxea 
a  reftctiuD  Tor  irou.  Oelaiitiizea  wiili  aciiia.  Heated  wilb  sulpbutic  ucld  givea  oS  eilicoa 
Uuoride. 

Ob>, — Cbondrodile.  huiulle,  and  cllnoliumlte  all  occur  at  Vesuvius  in  Ibe  ejtcled  mussea 
bolb  ot  limeaioue  or  feUlspatblc  lype  tound  ud  ModU)  tiommu.  Tbey  are  aasocEaled 
wilb  cbrjsulile.  biotlte.  pyrozeue,  inaguelile,  spinel,  TeBUviauile,  calclte,  elc. ;  also  lesa 
often  witb  Bauidiue,  mvloDiie,  uepbelite.  Ot  tbe  ibree  apt.'cieB,  bumltc  is  Llie  nirest  sud 
cliDubiimiCe  of  most  frequent  occurreDce.  Tbey  seldom  all  occur  logelber  la  tbe  same 
miiss.  and  <>:ily  rarely  two  of  Ibe  ipeclea  (as  bumite  and  cllnobumlle)  appear  tof^ther. 
OccaaioDully  cliuubiimile  iaterpeuetrutes  crystals  of  bumlie,  uiid  parallel  liileigrowlbs  nllh 
clirysolite  bave  uImi  been  oliserved. 

Cliondrodile  occurs  at  Mte.  Somma,  as  above  noted:  at  Fnrgus.  FiulDDd  boney-yellow 
in  liiiiesloue;  at  Kafvellorp.  Nya-Kopparberg,  Hweden,  asEociattd  with  cbalcopjrile, 
galeua.  spbnlerite.     At  Brenster,  N.  T.,  at  tbe  Tilly    Fuller  ii.sgnetic  Iron  mine  In  deep 

faroet-Kd  crratslB.  Also  probably  at  uninerous  points  wbere  tbe  occuntnce  of  "  (bon- 
rodite"  has  Men  reported. 

Humita  also  occurs  at  tbe  Ladu  mine  ueur  Fillpsiadt,  Swedtn.  wlib  magnetite  Id  ct?^- 
tallioe  liuiesuioe.  Id  CTystalllae  Hmesioue  witb  cliDobiimlle  id  Andnlusln.  Also  in  large, 
coarse,  pniily  ultered  crystals  at  tbe  Tilly  Foster  IrtJQ  niii^e  at  Bieicrter,  K.  Y 

Ctino/ivmilt  occurs  at  Hie.  Somma  ntid  Id  Andalusia;  iti  trysialllue  lIUKstODe  uMT 
L.  Baikal  iu  Ensl  Siberia;  at  Brenaier,  N.  Y.,  In  iiirc  but  bigbly  nodifitd  crysiels. 

Proleelitt  ia  from  Ibe  Ko  miDe,  Nordmark,  Bwtden;  Ttry  nirt;  tm]ieifecllv  kuowi]. 

Numerous  otber  localities  of  "  rbondrudlie  "  bave  been  Doled,  cl.ieHy  lu  ci^sialllne 
limestoue;  mott  of  Ibem  are  probably  to  be  icfeired  to  tbe  tpecira  cb<iDdro<ille.  but  tbe 
identity  in  miiny  cases  Is  yet  to  be  proved.  At  Bievsler  laige  qusulilies  of  niaEtive 
"cboodrudlle"  occur  nssociated  ivllh  magueiile,  oiFlatiie.  ripidollte.  and  fiom  lis  (zKiisiva 
alteration  n-rpentlne  bas  bieD  formed  on  a  larpe  tiale.  Tbe  grsDulai'  Diliieral  Is  <LtiimoD 
in  limealone  in  Sussex  Co  ,  M.  J.,  and  Orange  Co.,  If.  T..  aMoilaled  wllb  sjilucl,  end  oi  ca- 
sioDally  witb  pyroxene  and  ccnuuduui.  Alto  in  3la»t.,  ni  Cbelmslord,  \vilb  ECapollle; 
at  Soutb  Lee,  in  limestoue.  Id  Canada,  in  limeslonc  at  St.  Jerome,  Grenville,  etc., 
abundant. 

Tlie  name  cbondrodite  is  from  jifoVj/ioi.  a  grain,  alluding  to  tbe  granular  struclure, 
Bumite  is  from  Sir  Abrabam  Hume. 

ILVAmi.    Llevrite.     Yenlie. 
Orthorhombic.     Axes  S:h:i  =  0-6665 : 1 :0-4427. 
8fi7  mm".  UO  a  lIO  =  «r  23'.  n'.   101  A  iOl  =  67'  U'. 

,.^'Tr^^  -'.       lao  A  120  =  78°  45".  «/,    111  A  ill  =  62°  fiff. 

\Jl_t^  Commonly  in  priams,  with  pminatic  faces  vertically  striated. 
"^^^         Columnar  or  compact  massive. 

Cleavage:  h,  c  rather  distinct.  Fracture  nneven.  Brittle. 
H.  =  5-5-6,  G.  —  3fl9-4-05.  Luster  siibmetiillic.  Color  iron- 
black  or  ilark  grayish  black.  Streak  black,  inclining  to  green  or 
brown.     Opiiqiie. 

Comp.— CaFe,(reOH)(SiO.),    or    H,O.Ca0.4FeO.Fe,0..4SiO, 
^i^^rV^    =  Silica  39'3,  iron   sesquioxide  196,  iron   protoxide  35-2,  lime 
^^-^^^    13-7,   vfater  2'2  =  100.     Manganese    may    replace    part    of    the 
ferrous  iron. 

Pyr..  etc.  — B  B,  fuws  quietly  nt  30  lo  n  black  magnetic  bead.  Wlib  tbe  fluxes  reacts 
for  imn.  Some  varieties  give  also  a  reaction  for  niaueiinese.  Gelatinizes  wilb  bydro- 
cbloi  Ic  add. 

Obs— Found  on  Elba  in  dolomite:  on  Mt,  Mulatto  near  Prodazzo,  Tyrol.  In  granile; 
Scbneeberp.  Snxony;  Fossum,  In  Ncitway.  Reported  as  formerly  found  at  Cumberland, 
R.  1.:  also  at  Milk  Row  quarry,  Somervlllo,  Mass.  Named  Uvailt  from  ibe  Liiliu  name  ot 
tbe  island  (Elba). 

Ardennite.  Denalquite.  A  van.idln.gilicale  of  abiminium  aud  manganese,  also  con- 
taiuini!  arsenic.  In  prismatic  crysials  resembling  ilvaile.  H.  =6-7.  G.  =  8  630.  Yellow 
to  yellowlsb  brown.    Found  at  Salm  CbSieau  in  tbe  Ardennes,  Belgium. 
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Langbanite.  Manganese  silicate  with  ferrous  autimonate;  formula  doubtful.  In  iron- 
black  hexagonal  prismatic  crystals.  H.  =  6*5.  G.  =  4*918.  Luster  metallic.  From 
L&ngban,  Bwcden. 

The  following  are  rare  lead  silicates.    See  also  p.  408. 

Kentrolite.  Probably  8Pb0.2MniOi.88iOi.  In  minute  prismatic  crystals ;  often  in 
sheaf-like  forms;  also  massive.  H.  =  5.  O.  =  6  19.  Color  dark  reddish  brown;  black 
on  the  surface.     From  southern  Chili;  L&ngban,  Sweden. 

Melanotekite.  3Pb0.2Fe,0,.88iOi  or  (Fe«0«)Pbs(Si04)i  Warren.  Orthorhombic;  pris- 
matic. Massive;  cleavable.  H.  =  6*5.  6.  =  5*78.  Luster  metallic  to  greasy.  Color  black 
to  blackish  gniy.  Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  resembling 
kentrolite  at  Hillsboro,  New  Mexico. 

Bertrandite.  H9Be4Si|Ot  or  Ht0.4Be0.2Si09.  Orthorhombic-hemimorphic.  In  small 
tabular  or  prismatic  crystals.  H.  =  6-7.  G.  =  2*59-2*60.  Colorless  to  pale  yellow. 
Usually  occurs  in  feldspathic  veins,  often  with  other  beryllium  minerals  as  a  result  of  the 
alteration  of  beryl.  At  the  quarries  of  Barbin  near  Nantes,  France;  Pisek,  Bohemia;  Ht. 
Antero,  Chaffee  Co.,  Colo.,  with  phenacite;  Stoneham,  Me.;  Amelia  Court-House,  Ya. 

OALAMINB.     Smithsonite.     Hemimorphite.     Eieselziukcrz,  Galmei  pt  Germ, 
Orthorhombic-hemimorphic.    Axes  d  :h  :  6  =  0*7834  :  1  :  0*4778. 

868.  869.  870. 


mm 

if, 

«'. 


110  A  110=   76*    y. 

101  A  101=   62*46'. 

801  A  801  =  122'  41'. 

Oil  A  Oil  =    5r    5'. 

081  a031  =  110M2'. 

121  A  121=  78*26'. 
Crystals  often  tabular 
I  b  ;  also  prismatic  ;  faces  b 
vertically  striated.  Usually 
implanted  and  showing  one 
extremity  only.  Often  grouped  in  sheaf-like  forms  and  forming  drusy  sur- 
faces in  cavities.  Also  stalactitic^  mammillary,  botryoidal^  and  fibrous  forms; 
massive  and  granular. 

Cleavage:  ni  perfect;  8  (101)  less  so;  c  in  traces.  Fracture  uneven  to  sub- 
conchoidal.  Brittle.  H.  =  4*5-5,  the  latter  when  crystallized.  G.  =  3'40-3*50. 
Luster  vitreous;  c  subpearly,  sometimes  adamantine.  Color  white;  sometimes 
with  a  delicate  bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak 
white.     Transparent  to  translucent.     Strongly  pyroelectric. 

Comp.— H,ZnSiO.  or  (ZnOH)  SiO,  or  H,0.2ZnO.SiO,  =  Silica  25-0,  zinc 
oxide  67*5,  water  7*5  =  100.  Tlie  water  goes  off  only  at  a  red  heat;  un- 
changed at  340°  C. 

Pyr..  etc. — In  the  closed  tube  decrepitates,  whitens,  and  gives  oflf  water.  B.B.  almost 
infusible  (F.  =  6).  On  charcoal  with  soda  gives  a  coating  which  is  yellow  while  hot.  and 
white  on  cooling.  Moistened  with  cobnlt  solution,  and  heated  in  O.F.,  this  coating 
assumes  a  bright  green  color,  but  the  ignited  niineml  itself  becomes  blue.  Gelatinizes 
with  acids  even  when  previously  ignited. 

DiflF.— Characterizx'd  by  itsinfusibility;  reaction  for  zinc;  gelatinization  with'acids.  Re- 
sembles some  smithsonite  (which  effervesces  with  acid),  also  prehnite. 

Obs. — Calamine  und  smithsonite  are  u-^ually  found  associated  in  veins  or  beds  in 
stratiticd  calcareous  rocks  accompanying  sulpliirles  of  zinc,  iron  and  lend.  Thus  at  Aix-1a- 
Chupelle:  Raibel  and  Bleiberg.  in  Caiinfhia;  Moresnet  in  Belgium:  Rezb^nya,  Schemnitz. 
At  lloughten  Gill,  in  Cumberland:  at  Alston  Moor,  white;  near  Matlock,  in  Derbyshire; 
Leadbilis.  Scotland:  at  Nerchinsk,  in  ensieni  Siberia. 

In  the  United  States  occurs  at  Sterling  Hill,  near  Ogdensburg.  N.  J.,  in  fine  clear 
crystalline  masses.     In  Pennsylvania,  at  the  Perkiomen  and  Phenixville  lead  mines;  at 
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friedeoBTille.  Abundant  Id  VirgiDift.  ai  AuMin's  mines  Id  Wytbe  Co.  Wlib  the  sloe 
deposils  of  anulhwetieru  Missouri.  eapecJAlIf  about  Oraabv,  bolh  lU  crysInlliMd  and 
iuv«ive  alamJDe.     At  tbe  Emma  miue,  Cottunwood  CbBod,  Uub. 

Tbe  Dsme  Qilamiru  (nitb  Oaimei  of  tlie  Geruiuiei  U  cuDiuiuuly  suppuaed  to  be  a  cor- 
rupliou  of  Cadmia.  Agritola  guys  it  is  fium  ootomiw,  a  rtad,  in  alliuiua  to  tbe  slender 
[onus  (stalncUtlc;  common  Id  the  eadmiafomaeum. 

OliDOlwdrit*.  H.CHZnSiO..  Mouocliuic  clluobedral  (see  Figs.  831.  881a.  j>.  104). 
H.  =  5'5.  O.  =  8-38.  Colorless  or  wbiie  to  (tmetbysiine.  From  Franklio  Furnace. 
N.J. 

Carpholite.  H.HoAUSiiOit.  lo  radiated  aud  itellaied  tufts.  G.  =  2-936  Color 
straw-  10  wax-yellow.  Occurs  at  tbe  tin  mineB  of  f>cblM;kenwald;  Wippca.  In  Ihe  Hara.oii 
quartz,  etc. 

Lawsonita.  HiCaAI.SliOit.  In  pri»mnlic  onborbomblc  crystals;  mm"' =  (17*  16*. 
0.  =  3-00.  Liisler  ritreouH  to  greasj.  Colorless,  pale  bine  to  erayisb  blue.  Occurs  In 
crystalline  schists  of  the  Tiburu  peninsula,  Marin  Co.,  Calitomk;  also  In  the  scblsia  of 
Foolglbaud  aud  New  Caledonia. 

Oerita.  A  silicate  o[  ihe  cerium  metals  cbteflr,  witb  water.  Crystals  rare;  commonly 
massive  ;  ernnular.  H.  =  O'S.  O.  =  4'8S.  Color  between  clOTe-browa  and  cherrf-red 
lo  gray.     Occurs  at  BssidBb,  near  Hlddarbyttao,  'Sweden. 


TOnRMAXJHB.     Turmalin  0«rm. 
Rhombohedral-hemimorphic     Axis  i  =  0'4477. 
er.  0001  A  lOil  =  ZT  2Cf.      t¥ ,  lOll  A  IlOl  s=  48*  52". 
CO,  0001  A  O-jSi  =  45*  5r.     od,  032l  A  2021  =  TT   ff. 
871.  872. 


u'.  8231  A  &3S 
873. 


Cryetiils  iismiHv  prismatic  in  habit,  often  sletidfr  to 
aciciilar ;  rarclv  flattened,  the  prism  nearly  wantinir. 
Prismatic  faces  stronglv  striateil  verticiilty,  and  the 
crvBtnla  hence  often  much  ronnded  to  biirrel-shajied. 
Tiie  cross- section  of  the  prism  three-sided  (m,  Fiff.  877), 
six-sided  (a),  or  nino-sided  {m  and  n).  Crystals  com- 
monly hemimnrphio.  Sometimes  isolated,  but  more 
commonly  in  parallel  or  radiating  groups.  Sometimes 
mattaive  compact ;  also  columnar,  coarse  or  fine,  parallel 
or  divergent. 
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Cleavage:  a,  r  difficult.  Fracture  snbconchoidal  to  uneven.  Brittle  and 
often  rather  friable.  H.  =  7-7'5.  G.  =  2'98-3*20.  Luster  vitreous  to  resin- 
ous. Color  black,  brownish  black,  bluish  black,  most  common;  blue,  green, 
red,  and  sometimes  of  rich  shades;  rarely  white  or  colorless;  some  specimens 
red  internally  and  green  externally ;  and  others  red  at  one  extremity,  and 
green,  blue  or  black  at  the  other.  Streak  uncolored.  Transparent  to 
opaaue. 

otronglv  dichroic,  especially  in  deep-colored  varieties;  axial  colors  vaiying 
widely.  Absorption  for  g?  (vibrations  J.  i)  much  stronger  than  for  e  (vibra- 
tions II  6);  thus  sections  I  i  transmit  seusibly  the  extraordinary  ray  only,  and 
hence  their  use  {e.g.,  in  the  tourmaline  tongs  (p.  181))  forgiving  polarized 
light.  Exhibits  idiophanous  figures  (p.  219).  Optically  — .  Birefringence 
rather  high,  c»  —  e  =  0*02.  Indices:  ooy  =  1-6366,  €y  =  1'6193  colorless  var.; 
cOf  =  1*6435,  €r  =  1*6222  bl.  gi*een.  Sometimes  abnormally  biaxial.  Becomes 
electric  by  friction;  also  strongly  pyroelectric. 

Var. — Ordinary.  In  crystals  as  abo^e  described  ;  black  much  the  most  common, 
(a)  RubeUite;  the  red,  sometimes  transparent;  tlie  Siberian  is  mostly  violet-red  {Hberiie\ 
the  Brazilian  rose-red;  that  of  Chesterfield  tiud  Goshen,  Mass.,  pale  rosercd  and  opaque; 
that  of  Paris,  Me.,  fine  ruby- red  and  transparent.  (6)  Indieolite,  or  indigoliie;  the  blue 
either  pale  or  bluish  black;  named  from  the  indigo-blue  color  (c)  Branlian  Sappfdre  (in 
jewelry);  Berlin-blue  and  transparent,  {d)  Brazilian  Emerald.  Chryscliis  (or  Peridot)  cf 
Brazil;  green  and  transparent,  (e)  Peridot  of  Ceylon;  honey -yellow.  (/)  AchroiU;  color- 
less tourmaline,  from  Elba,  {g)  Aphritiie;  black  tourmaline,  from  KrngerO,  Norway. 
{A)  Columnar  and  black;  coarse  columnar.  Resembles  somewhat  common  hornblende, 
but  has  a  more  resinous  fracture,  and  is  without  ctistinct  cleavage  or  anything  like  a  fibrous 
appearance  in  the  texture;  it  often  has  the  appearance  on  a  broken  surface  of  some  kinds  of 
soft  coal. 

Comp. — A  complex  silicate  of  boron  and  aluminium,  with  also  either  mag- 
nesium, iron  or  the  alkali  metals  prominent.     The  oxygen  ratio  of  Si  :  R  is 

I  n 

in  general  2  :  3  and  the  formula  may  hence  be  written:  E.SiO,  =  E,SiO,  = 

in  I  n  m 

E,SiO,.     Here  E  =  Na,Li,K;  E  =  Mg,Fe,Ca;  E  =  Al,B,Cr,Fe. 

The  varieties  based  upon  composition  fall  into  three  prominent  groups,  between  which 
there  are  many  gradations  : 

1.  Alkali  Tourmaline.  Contains  sodium  or  lithium,  or  both;  also  potassium.  G.  s 
8'0-8'l.     Color  red  to  green;  also  colorless. 

2.  Iron  Tourmaline.    G.  =  8 •1-8*2.     Color  usually  deep  black. 

8.  Magnesium  Tourmaline.  G.  =  8*0-8*09.  Usually  yellow-brown  to  brownish 
black;  also  colorless  (nnal.  54). 

A  chromium  tourmaline  also  occurs.     G.  =  81 20.     Color  dark  gi'een. 
The  following  are  typical  analyses  (Riggs)  of  the  three  varieties : 

1 .  R n  m  f ord .  Me. ,  roee  : 

810,     TiO.       B,0,     Al.O,       FeO     MnO     CaO     MjrO    Na,0     K,0      L!,0     H,0         F 
S807     —       9  99    42-24     0*26    085    0  56    007    2  18    044    1*59    4  26    0  38  =  100-29 

2.  Auburn,  black: 

34.99     __       9  63    88-96    14*28    006    015    1-01     201    084      tr.      862      —    =100-00 

8.  Gouverneur,  brown: 
87-89    119    10-73    27-89*    0*64      —     2-78  14  09    172    0  16      tr.      8-88     fr.f  =100  42 

a  Including  0-10  Fe,0|. 


etc.— The  mapnesia  varieties  fuse  rather  easily  to  a  white  blebby  glasa  or  i-lag; 
the  iron-mapnesia  var.  fuse  with  a  strong  heal  to  a  blebby  sing  or  enanjel;  the  imn  var. 
fuse  with  difflculiy,  or,  in  some,  only  on  the  edges;  the  iron-mMgnesia-lithia  var.  fuse  on 
the  edges,  and  often  with  great  difficulty,  and  some  are  infusible;  the  litliia  var.  are  infu^- 
ble.     With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese.     Fused  with 
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a  mixture  of  potassiuin  bisulphate  and  fluor-spar  giyes  a  distinct  reaction  for  boric  acid. 
Not  decomposed  by  adds. 

DiflL  — Characterized  by  its  crystallization,  prismatic  forms  usual,  which  are  three-,  six-, 
or  nine-sided,  and  often  with  rhombohedral  terminations ;  massive  forms  with  columnar 
structure;  also  by  absence  of  cleavage  (unlike  amphibole  and  epidote);  in  the  common 
black  kinds  by  the  ooal-Iike  fracture;  by  hardness;  by  difficult  fusibiliiy  (common  kinds), 
compared  with  garnet  and  vesuviauite.     The  boron  test  is  conclusive. 

Re:idily  distiuguished  in  thin  sections  by  its  somewhat  high  relief;  rather  strong  inter- 
ference colors;  negative  uuiazial  character;  decided  colors  in  ordinary  light  in  whicn  basal 
sections  often  exhibit  a  zonal  structure.  Also,  especially,  by  its  remarkable  absorption 
wbeu  the  direction  of  crystal  elongation  is  ±  to  the  vibration-plane  of  the  lower  nicol;  this 
with  its  lack  of  cleavage  distinguishes  it  from  biotite  and  amphibole,  which  alone  among 
rock  inikiag  minerals  show  similar  strong  absorption. 

Obs.  — Co.ninoiily  found  in  granite  and  gneisses  as  a  result  of  fumarole  action  or 
of  mineralizing  gases  in  the  fluid  magma,  especially  in  the  pegmatite  veins  associated 
with  such  rocks;  at  the  periphery  of  such  masses  or  in  the  schists,  or  altered  limestones, 
gneisses,  etc.,  immediately  adjoining  them.  It  marks  especially  the  boundaries  <>f  granitio 
masses,  and  its  associate  minenils  as  those  characteristic  of  such  occurrences:  quartz,  albite, 
microcline,  muscovite,  etc.  The  variety  in  granular  limestone  or  dolomite  is  commonly 
brown;  the  bluish-black  var.  sometimes  associated  with  tin  ores;  the  brown  with  titanium; 
the  litbium  variety  is  often  associated  with  lepidolite.  Red  or  men  varieties,  or  both,  occur 
near  Ekaterinburg  in  the  Ural;  Elba;  Campolongo  in  lessin,  Switzerland;  Peniff, 
Saxony;  als)  the  province  Minas  Geraes,  Brazil:  yellow  and  brown  from  Cevlon;  dark 
brown  varieties  from  Eibenstock.  Saxony;  the  Zillerthal :  black  from  Areudal.  Koi-way; 
Snarum;  Kra^erO;  pale  yellowish  brown  at  Windiach  Euppel  in  Carinthia;  fine  black 
crystal  occar  in  Cornwall  at  different  localities. 

In  the  U.  States,  in  Maine  at  Paris  and  Hebron,  magnificent  red  and  ^reen  tourmalinea 
with  lepidolite.  etc.;  also  blue  and  pink  varieties;  and  at  Norway;  i)ink  at  Rumford» 
embedded  in  lepidolite;  at  Auburn  in  clear  crystals  of  a  delicate  pink  or  lilac  with  lepido* 
lite,  etc.;  at  Albany,  green  and  black.  In  Jl/<iM..at  Chestertiela,  red.  green,  and  blue;  at 
Goshen,  blue  and  green;  at  Norwich,  New  Braintree  and  Carlisle,  good  black  crystals.  In 
N.  Hinp.,  Grafton,  Acworth;  at  Orfoni,  brownish  black  in  steatite.  In  Conn.,  at  Monroe, 
dark  br  >wa  in  mici  slate  ;  at  Haddam,  black  in  mica  slate;  also  fine  pink  and  ffrcen;  at 
New  Milford.  black.  In  N.  York,  near  Gouverneur.  brown  crystals,  with  trcmoTite.  etc., 
in  granular  linnestone;  black  near  Port  Henry,  Essex  Co.;  near  Edenville;  splendid  black 
crystals  at  Pierr^pont,  St.  Lawrence  Co.;  colorless  and  slassy  at  De  Kalb;  dark  brown  at 
McComb.  In  N.  Jersey,  at  Hamburg  and  Newton,  black  and  brown  crystals  in  limestone, 
with  spinel:  also  grass-green  crystals  in  crystalline  limestone  near  Franklin  Furnace.  In 
Penn.,  at  Newlin,  Chester  Co.;  near  Union ville,  yellow;  at  Chester,  fine  black;  Middle* 
town,  black;  Marple.  green  in  taic;  near  New  Hope  on  the  Delaware,  lai^e  black  crystals. 
A  chrome  v  ir.  from  the  cliromiie  l»eds  in  Montgomery  Co,,  Maryland,  In  N,  Car.,  Alex- 
ander C)..in  tine  black  ciTsials  with  emerald  and  hiddenite.  In  Ca/|jr<7mta,  fine  groups 
of  rubsllite  in  lepidolite  in  S  m  DiegoiCo. 

In  Gmudi,  in  the  province  of  Quebec,  yellow  crystals  in  limestone  at  Calumet  Falls, 
Litchfield.  Pontiac  Co.;  at  Hunterstown;  fine  brown  crystals  at  Clarendon,  Pontiac  Co.; 
black  at  Grenville  and  Argenteuil.  Ar^enteuil  Co.  In  Ontaiio,  in  fine  crystals  at  N.  Bur- 
gess. Lanark  Co.;  Galway  and  Stoncy  L.  in  Dummer,  Peterborough  Co. 

The  name  turmalin  from  Jhiramali  in  Cingalese  (applied  to  zircon  by  jewelers  of 
Ceylon)  was  introduced  into  Holland  in  1703,  with  a  lot  of  gems  from  Ceylon. 

Dumortierite.     A  basic  aluminium  silicate,  perhaps4AUOa.8SiOs. 

Orthorhombic.  Prismatic  angle  approximately  dO*.  Usually  in  fibrous  to  columnar 
ag^reg  lie.;.  Cls-avage:  a  distinct;  also  prismatic,  imperfect.  II.  =  7.  G.  =  3*26-8  86. 
Liisier  vitreous.  Color  bright  smalt- blue  to  greenish  blue.  Transparent  to  translucent. 
Pieoohroi-tm  ver\'  strong:  c  colorless,  b  reddish  violet,  a  deep  ultramarine-blue.  Exhibits 
idioplianoii-*  figures,  analogous  to  andalusite.  Optically  — .  Ax.  pi.  |  b.  Bx  l  c. 
y.-(x^O  010. 

K'.'cognized  in  Ihin  section  by  its  rather  high  relief;  low  interference-colors  (like  those 
of  <iuariz);  occurrence  in  slender  prisms,  needles  or  fibers,  with  negative  optical  extension; 
parallel  extinction;  biaxial  character  and  especially  by  its  remarkable  pleochroism. 

Found  embedded  in  feldspar  in  blocks  of  gneiss  at  Chaponost,  near  Lyons,  France; 
from  Wolfshau,  near  Schmiedeberg,  Silesia;  in  the  iolite  of  the  gneiss  of  Tvedestrand, 
Norway.  In  the  U.  S.,  it  occurs  near  Harlem,  New  York  Island,  in  the  |)egmatoid  por- 
tion of  a  biolitegneiss;  in  a  quartzose  rock  at  Clip,  Yuma  Co.,  Arizona. 
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BTAUROUTB.    Slanrallde. 
Orthorhombic.     Axes  d:l: 


=  0-4734  : 1  :  06838. 
50'  40*.  cr.  001  A  101  =  M*  IV. 

110°  By.  tnr.  UO  A  101  =  *2°    2". 

;  (033),  the  crjBtnle  crossing  nearly  at  right 
•nglee;  tw.  pi.  z   (332),  crossing   at  an  angle  of  60°  aj) proximately;  tw.    pi 
V(23U)  rare,  also  in  repeated  twins  (cf.  Figa.  359,  p.  122, 409,  p.  128,411,  p.  129), 
CrjBtaU  commonly  prismatic  and  flattened  y  J;  often  with  rough  surfaces. 
B78.  019.  880. 


101  A  101  =  1 
Twins  cruciform:    tw.  pi. 
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in  traces.    Fracture  stibconclioidal. 

-7-5.  G.  =  3-65-3-7r.  S.ibvitreous, 
inclining  to  resinouB.  Color  dark  reddish  brown 
to  brownish  black,  and  yellowish  brown.  Streak 
nncolored  to  grayish.  Translucent  to  nearly  or 
quite  opaque.  Pleocliroism  distiuct:  c  (=^(  hya- 
cinth-rod to  blood-red,  a,  b  yellowish  red  ;  or  C  goM- 
yellow,  a,  b  lij;ht  vellow  to  colorless,  Opticailv  +. 
Ax.  pi.  B".  BxXc.  2H„  =  113' 10'.  /*  =  1-75, 
y-a:  =  0(ni. 

Comp.— HFeAI.Si,0„.  which  mnv  be  written 
(AIO},(A10lI)Fe(SiO,),  cr  H,0.2FoO;'.Al,0,.4SiO, 
=  Silii^a  2fi"3.  alumina  H'y'J,  iron  pnitoxide  15'8, 
water  20  =  lUO  Penfield.  Magnesium  (also  man- 
^nese)  repliices  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  ahitninium. 

t  JVordijwrtito  frim  Nordmnrk.  Sweden,  eoiiinins  maoga- 

Dese  hi  \nrge  amoiitilB. 
Pyr.,  rtc—BB.  tLfiiilble.  exoeptinK  the  niHiigaiieBiftii  variely.  wlifch  fuses  easily  W  a 
black  tunirnellc  class.     With  the  liuxe*  piTeR  reactions  fur  irou.'und  someiinies  for  inau- 
gaiiese.     Imperfuclly  ilucom posed  hy  aiilphiirir  a<-l<1. 

Diff.— Cliaracierizeii  by  the  obtuse  prism  (iinlitp  an  did  unite,  which  la  iieurly  square):  by 
Ifae  freqiiiiiicy  nf  twintiiog  forms:  by  liardiieas  aaA  Infiiaibllitv, 

UucliT  tlieiiiirrroscope.  sections  show  a  deeiiled  color 'yellow  tored  or  brown)  and  strong 

Clencln-oism  (yellow  and  red);  also  characierizeil  by  itroiif;  refraclion  lldcli  n-ilef).  nilher 
ri^lit  iiiK^rrerence-eolnrs.  parallel  extinction  and  binxiiil  clinmcler  (gencrnlly  poaiiivp  in 
Ihe  diri'ctli'n  ot  t'liingiition ).  E:iBtly  disiiiiiinished  from  riilile  (p.  S43|  by  its  biaxial  char- 
acler  anil  lower  inter  fa  rence-colors. 

Oh«.— U*iially  fo«u(i  in  crystalllnoscliistn,  ns  mien  Bchint.  argillnceons scldsl,  and  cneiw, 
M  a  result  of  rejrionni  ur  contact  mi-tiimiirpliisni;  ofien  ussociaied  wilhi^rnfl.  ^Ilitiinnitv. 
eyaiiite.  and  Uitirmalitie,  Someii'iii-s  ctK-loti-s  «ymnielrLc»lly  nrrnngcd  carbon «cecm«  Im- 
piirilirs  like  andalimlte  (p.  488).  Oilier  impiiriliet  are  ai«o  often  present,  esin-ciallj  silica, 
■ometimes  up  to  30  to  40  p.  c. ;  alxo  gnrni'l,  mica,  and  perliaps  maKOFtite.  brooklte. 

Occurs  with  cyanite  in  parafmniiesi'liist.HiMt.  {'nmpione,  SwitKcrlan<l:in  IbeZillerlbal. 
Tynil:  GoldeuBtein  In  Monivia;  AscbafTeiibiiri:.  Biivnria:  In  Isrge  twin  crystals  in  the  mica 
•cl>lsi»  of  Brittany  and  Scotland.    In  tbu  province  of  Uiuas  Gersei,  Braeil. 


SILICATES.  451 

AbuudaDt  throughout  the  mica  schists  of  New  England.  In  Maine,  at  Windham.  la 
N.  Hamp.,  brown  at  Francouia;  at  Lisbon;  on  the  shores  of  Hink  Pond,  loose  in  the  soiL 
In  Mast.,  at  Cbestertield,  in  tine  crystals.  In  Conn.,  at  Bolton,  Vernon,  etc. ;  Southbury  with 
^ruets;  at  Litchfield,  black  crystals.  In  N,  Carolina,  near  Franklin,  Macon  Co.;  also  ia 
Madison  and  Clay  counties.  lu  Georgia,  in  Fannin  Co.,  loose  in  the  soil  in  fine  crystals. 
Named  from  aravfjo^,  a  erote. 

Komerupine.  MgAlsSiO*.  In  fibrous  to  columnar  aggregates,  resembling  silli- 
manite.   H.  =  60.   G.  =  3-273  korneni  pine;  3*341  prismatine.   Colorlesstowhite,  or  brown. 

Komerupine  occurs  at  Fiskern&s  on  the  west  coast  of  Greenland.  Priimatine  is  from 
Waldheim,  Saxony. 

Sapphirine.  MgsAlisSisOsi.  In  indistinct  tabular  cirstalS.  Usually  in  dissem* 
inated  grains,  or  as^gregalions  of  grains.  H.  =  7*5.  G.  =  8'42-3'48.  Color  pale  blue  or 
greeb.     From  Fiskern&s.  southwestern  Greenland. 


SHJOATES. 

Section  B.     Chiefly  Hydrous  Species. 

The  Silicates  of  this  second  sectiou  include  the  true  hydrous  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species — as  the  Micas,  Talc,  Kaolinite — which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasilicates,  orthosili- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  have  placed  them 
in  the  preceding  chapter  with  other  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  the  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows: 

I.  Zeolite  Division. 

1.  Introductory  Subdivision.    2.  Zeolites. 

II.  Mica  Division. 

1.  Mica  Group.    2.  Clintonite  Group.    3.  Chlorite  Group. 

in.  Serpentine  and  Talc  Division. 

Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division. 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

V.  Concluding  Division. 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron,  manganese,  etc. 


I.  Zeolite  Division. 

1.  Introductory  Subdivision. 

Of  the  species  here  included,  several.  a«  Aponliyllite.  Okenite,  etc.,  while  not  strictly 
Zeot.iteb.  are  closely  related  to  them  in  compoMition  and  method  of  occurreDce.  Pectolite 
<p.  S95)  and  Prehnite  (p.  442)  ate  also  sometimes  classed  here. 
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biMdto.     S(Hii,Ca)SiO,  +  H,0.     Cryslftla  small,   prismatic:  also  flbroiis.  radinteU  i 
■pLerulitic.      H.  =6.     U.  =  3-u2».     Color  rose-  lO  Utsb-reil.      Uccm-s  Bl  Ibo 
minea  Dear  Dillenburg,  OenuoDj.     RttodotUite  is  tbe  same  species  from  tbe  Hurstig'miiie, 
Fajsberg,  Sweden. 

(hnophyllite.  eH,0.7MDO.AI,Oi.8BiO,.  In  abort  prismatic  crjataU:  also  foliated, 
micaceuus.  Color  bro^D.  H.  =  4-4'0.  Q.  =  384.  From  Ibe  Hurstig  miae,  near  Pajs- 
berg,  8we<ien. 

Okanite.  HiCaSJiOi  +  H,0.  Commonly  fibrous;  also  compact.  H.  s  4  5-5. 
Q.  =  2'28-2-36.  Color  wliilc,  wiib  a  sliaile  of  yellow  or  blue.  Occurs  in  basalt  or  relnUd 
eruptive  rocks;  ns  in  tbe  FSrOer;  Iceland;  Disko,  Ureeulaud;  Poona,  India,  etc. 

ayrolite.  H,Cii,Sl>0.  +  H,0.  In  wblte  concretions.  1  amci I ar- radiate  in  slniclure. 
From  the  Isle  of  Skye,  with  atilbltc,  laumonllte,  etc.;  Id  India,  etc.  Witb  apopbylliie  of 
New  Aliiiadeu,  California;  also  N.  Scutlo. 


APOPHTIXTTEI. 

Tetragonal.     Axis  i  =  1-2515. 

ay.  100  A  810  =  18°  36*. 

ep,  001  A  Ul  =  a0°83'. 

883. 


^^) 


Habit  varied ;  in  sqnare  prismB  (n)  UBoally  short  and  terminated  by  c  or  by 
ep,  and  then  resembling  a  cube  or  cube- octahedron;  alao  auute  pyramidal  (p) 
with  or  without  c  and  n;  less  often  thin  tabular  |  c.  Faces  c  often  rough;  a 
bright  but  vertically  striated  ;  p  more  or  less  uneven.  Also  maesive  and 
lamellar;  rarely  conf-entric  radiated. 

Cleavage:  chighly  perfect;  mlesaao.  Fracture  uneven.  Brittle.  H.  =  4  5-5. 
G.  =  2-3-2-4.  Luster  of  c  pearly;  of  other  faces  vitreous.  Color  white,  or 
grayish;  occasionally  with  a  greenish,  yellowish,  or  rose-red  tint,  flesh-red. 
Transparent;  rarely  nearly  opaque,  birefringence  low;  iiBniilly  -(-,  also  — . 
Often  shows  anomalous  optical  characters  (Art.  411,  Fig.  565).  Indices: 
(B,  =  1-5309  T.i,     e,  =  1-5332. 

Comp.— H,KCa.(SiO,).  +  4!H,0  or  E,0.8Ca0.16SiO,.16H,0  =  Silica  53-7, 
lime  25-0.  potash  62,  water  16-1  =  100.  A  small  amount  of  fluorine  replaces 
part  of  the  oiygen. 

The  Bbo»e  formula  differs  hut  little  from  H,C'>Sl,Oi  +  H,0.  in  wlilrh  potamtum 
replaces  pnn  of  tlic  1i»sic  liydro^-ii.  Tbe  form  often  accepted,  U,(Ca.E)BI.O.  -|-  H,0, 
corresponds  less  nell  witli  the  analyses. 

P]rr..  etc, —In  the  closed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid. 
Id  tbe  open  tube,  when  fused  wllb  salt  of  phosphorus,  gives  a  fluorine  roactloti.    B.B. 
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exfoliates,  colors  the  flame  violet  (potaslO.  aud  fuses  to  a  white  vesicular  eDamel.     F.  =  1-5. 
Decomposed  by  hydrochloric  acid,  with  sepataiioii  of  s>limy  silica. 

DJJ9^— Characteiized  by  its  tetragoual  forui,  the  square  prism  acd  pyramid  the  common 
habits;  by  the  perfect  basal  cleavage  and  pearly  luster  ou  this  surface. 

Obs. — Occurs  commonly  as  a  secondary  mineral  in'  basalt  aud  related  rocks,  with 
various  zeolites,  also  datolite,  peclolile,  calciie  ;  also  occasiouully  in  cavities  in  granite, 
gneiss,  etc.  Greenland,  Iceland,  the  FftrOer,  aud  British  India  afford  tine  specimens  of 
apophyliite  in  amygdaloidal  basalt  or  diabase.  Occurs  also  at  Andreasberg,  of  a  delicate 
pink;  iiadauthal  in  the  Uarz;  at  Orawitza.  Hungary,  with  \%ollastonitc:  UtO.  Sweden;  on 
the  Seisser  Alp  in  Tyrol;  Guanajuato.  Mexico,  oiien  of  a  beiiutiful  pink  upon  amethyst. 

lu  the  U.  S..  large  crysttils  occur  at  Ik-rgen  Hill,  IJ.  J.;  in  Penn.,  at  the  French  Creek 
mines.  Chester  Co.;  at  the  Cliff  mine.  Lake  Superior  region;  Table  Mt.  ntar  Golden,  Colo.; 
in  California,  at  the  mercury  mines  of  New  Almaden  often  stained  broMn  by  bitumen; 
also  from  Nova  Scotia  at  Cape  Blomidon,  and  other  points. 

Named  by  IlaQy  in  allusion  to  its  tendency  to  exf(*liate  under  the  blowpipe,  from 
aTtd  aud  (pnXXoy,  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  eye  of  a  tish  after 
boiling,  gave  rise  to  the  earlier  name  lehthyophVialmiU,  from  ix^vi,JUh,  o<pftaXfji6^t  eye. 

2.  Zeolites. 

The  Zeolites  form  a  family  of  well-defined  hydrous  silicates,  closely  re 
lated  to  each  other  in  composition,  in  conditions  of  formation,  and  hence  iu 
method  of  occurrence.  They  are  often  with  right  spoken  of  as  analogous  to 
the  Feldspars,  like  which  they  are  all  silicates  of  aluminium  with  sodium  and 
calcium  chiefly,  also  rarely  harium  and  strontium;  magnesium,  iron,  etc.,  are 
absent  or  present  only  through  impurity  or  alteration.  Further,  the  com- 
position in  a  number  of  cases  corresponds  to  that  of  a  hydrated  feldspar;  while 
fusion  and  slow  recrystallization  result  in  the  formation  from  some  of  them  of 
anorthite  (C:iAl,Si,OJ  or  a  calcium-albite  (CaAl,Si,0,,)  as  shown  by  Doelter. 
The  Zeolites  do  not,  however,  form  a  single  group  of  species  related  in  crystal- 
lization, like  the  Feldspars,  but  include  a  number  of  independent  groups 
widely  diverse  in  form  and  distinct  in  composition  ;  chief  among  these  are 
the  monoclinic  Phillipsite  Group;  the  rhombohedral  Chabazite  Group, 
and  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  in 
composition  between  certain  end  compounds  has  been  more  or  less  well 
established  in  certain  cases,  but,  unlike  the  Feldspars,  with  these  species  calcium 
and  sodium  seem  to  replace  one  another  and  an  increase  in  alkali  does  not 
necessarily  go  with  an  increase  in  silica. 

Like  other  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
chiefly  from  35  to  5*5,  and  the  specific  gravity  is  also  lower  than  with  corre- 
sponding anhydrous  species,  chiefly  2*0  to  2*4.  Corresponding  to  these  charac- 
ters, they  are  rather  readily  decomposed  by  acids,  many  of  them  with  gela- 
tinization.  The  intumescence  B.B.,  which  gives  the  name  to  the  family  (from 
ZeiVj  to  boil,  and  Aii^o?,  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  commonly  in 
cavities  and  veins  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.  ;  less  fre- 
quently in  granite,  gneiss,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
have  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  eljeolite,  sodaiite, 
etc.;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  nsso- 
ciatt'd  together;  also  with  pectolite  and  apophyliite  (sometimes  included  with 
the  zeolites),  datolite,  prehnite  and,  further,  calcite. 

PtUoUte.  RAl,Si,oO,4  4-  5H,0.  Here  R  =  Cn  :  K, :  Na,  =  6  :  2  :  1  approx.  In  short 
capillary  needles,  aggregated  in  delicate  tufis.  Colorless,  white.  Occurs  upon  a  blnish 
chalcedony  in  cavities  in  a  vesicular  augite-andesite  found  in  fragments  in  the  coDglom- 
erate  beds  of  Green  and  Table  mountains,  Jeffei-son  Co.,  Colorado. 

Mordenite.  8RAUSii.O,4  -f  20H,O.  where  R  =  K, :  Na,  :  Ca  =  1 : 1  :  1.  In  minute 
crystals  resembling  heulandite  in  habit  and  angles;  also  in  small  hemispherical  or  reni* 
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form  concretions  with  fibrous  structure.  H.  =  3-4.  G.  =  2  15.  Color  white,  yellowish 
or  pinkish.  Occurs  near  Morden.  King's  Co  ,  Nova  Scotia,  in  trap;  also  in  western  Wyo- 
ming near  HfMxloo  Mt..  on  the  ridge  forming  the  divide  between  Clark's  Fork  and  the 
East  Fork  (Lamur  R.)  of  the  Yellowstone  river. 


HBUIiANDITXI.     Siilbite  some  autJtors. 
Monoclinic.    Axes:  a:h:i=  04035  :  1  :  0-4293;  /3  =  SS**  34  J'. 

880.  mm'".  110  A  110  =  48'  56'.  m.   001  a  201  =  66'    0'. 

ei,        001  A  201  =  63°  40'.  ex,  001  a  021  =  40°  38J'. 

Crystals  sometimes  flatteued  |  b,  the  surface  of  pearly  luster 
(Fig.  886;  also  Fig.  22,  p.  11);  form  often  suggestive  of  the  ortho- 
rhombic  system,  since  the  angles  cs  and  ct  differ  but  little.  Also 
in  globular  forms;  granular. 

Cleavage:  b  perfect.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  2-18-2-22.  Luster  of  b  strong 
pearly;  of  other  faces  vitreous.  Color  various  shades  of  white, 
passing  into  red,  gray  and  brown.  Streak  white.  Transparent 
to  subtranslucent.  Optically  +•  Ax.  pi.  and  Bx^^J.  b.  Ax.  pi. 
and  Bxo  for  some  localities  nearly  ||  c;  also  for  otners  nearly  J.  c  in  white 
light  (Dx).  Bxo  Ai  =  +  57^°.  Axial  angle  variable,  from  0°  to  92"";  usually 
2Er  =  52^     Birefringence  low.     /?  =  1  -499 ;  y  -  a  =  0007. 

Comp.— H,CaAl,(SiO,).  +  3H,0   or  5ll,O.CaO.Al,0,.6SiO,  =  Silica  59-2, 
alumina  16-8,  lime  9*2,  water  14-8  =  100. 

Strontium  is  usunlly  present,  sometimes  up  to  3'6  p.  c. 

Pyr. — As  with  siilbite,  p.  457. 

Obs.— Heulandite  occurs  principally  in  basaltic  rocks,  associated  with  chabazite,  stil- 
bite  and  other  zeolites;    also  in  gneiss,  and  occasionally  in  metalliferous  veins. 

The  finest  specimens  of  this  species  come  from  Berufiord,  and  elsewhere  in  Iceland; 
the  Fai5er;  in  British  India,  near  Bombay;  also  in  railroad  cuttings  in  the  Bhor  and  Tluil 
Ghdts.  Also  occurs  in  the  Kilpatrick  Hills,  near  Glasgow;  on  the  I.  of  Skye;  Fassathal, 
Tyrol;  Andreasberij,  Harz. 

In  the  United  Stages,  in  diabase  at  Bergen  Hill.  New  Jersey;  on  north  shore  of  Lake 
Superior;  with  haydenite  at  Jones's  Falls;  near  Baltimore  {benuinontite).  At  Peter's  Point, 
Nova  Scotia;  also  at  Cape  Blomidon,  and  other  points. 

Named  after  the  Enirlish  mineraloeical  collector,  H.  Heuland,  whose  cabinet  was  the 
basis  of  the  classical  work  (1887)  of  Levy. 

Brewsterite.  H4(Sr.Ba,Ca)Al,Si.O,8  4-3H,0.  In  prismatic  crystals.  H.  =5.  G.  =  2*45. 
Color  white,  inclining  to  yellow  and  gray.  From  Strontian  in  Argyleahire;  near  Freibuxig 
in  Breisgau,  etc. 

EpistUbite.  Probably  like  heulandite,  n4CaAl,Si«0,8 -+-3HaO.  Crystals  monoclinic, 
uniformly  twins;  habit  prismatic.  In  radiated  spherical  aggregations;  also  granular. 
G.  =  3"25.  Color  while.  Occurs  with  scolecite  ai  the  Berufiord,  Iceland;  the  FftrGer; 
Poona.  India;  in  small  reddish  crystals,  at  Margaret vlUe,  N.  Scotia,  etc.  Bsitsite  is  from 
Saniorin. 


Pliillipslte  Group.     Monoclinic. 

Welhite  (Ba,Ca,K,)  Al,Si,0,,  +  3H,0 

Phillipiita  (K„Ca)Al,Si,0„  +  4iH,0 

Hannotome  (K„Ba)Al,Si.O„  +  5H,0 

Stilbite  (Na„Ca)Al,Si.O„  +  611,0 

The  above  species,  while  crystallizing  in  the  monoclinic  system,  are  remark- 
able for  the  pseudo-symmetry  exhibited  by  their  twinned  lorms.    Certain  of 
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these  twioa  are  pseudo-ortlio rhombic,  others  pseudo-totriigouul  aud  Diore  com- 
plex twins  eveii  pseud  o- isometric. 

Freaeiiliis  Las  ihown  tliiii  tiie  sptcita  of  Itils  gniiip  miiy  lie  regsrilml  as  rnrmlDg  n  serie*, 
in  which  tile  niiio  of  RO  :  Al|Oi  U  uuustHDt  (=  1  ;  Ij,  null  Ihut  ui  biO, :  U,U  ul»u  cliitUy 
1  -.  1.     Tlie  eni)  coiii[)Duiid8  luteiinietl  \>j  hitii  are : 

ltAI,Si.O„  +  6U,0;  R,AI,S<,0,.  +  611.0. 
Here  li  =  Ca  cliieflv,  iu  pbillipsiie  aaii  elilUili',  Ua  in  linruiukiuie,  while  In  wellsitc  Ba. 
Ca.  niidKiiiru  prnteul;  nlaolnairialkramciuulsNa,.  K,  Tb<:  lirsl  i>f  ibe  iil^te  rotiipviiiiils 
mar  he  ri'ganJMl  ha  a  lifdmied  ciilciuin  alliile,  Ibe  «eu«ud  as  h  lijiirateil  aiionlilte  Pi-hU 
an  J  FooTi-,  litiwever.  aliiiw  Ibiit  tbe  iiuurtliile  eud  cmnpuuml  more  probiibly  ima  ibit  foniiuia 
HAI,Si]0.  'r  'JH,0  (or  ihii doubled)  'Hie  formiitas  given  beyoud  are  lIiubb  currtspondiug 
to  ri'liaiik'  miulysRi  of  cerlatu  typiciil  occurrences. 

Wellsite.  ItAI.Si.O,,  +  3H,(>  wilb  R  =  Ca:  Ba  ;  K.  =  8  :  1 ;  3;  Sr  aud  Na  niao 
prcarDl  in  siiinll  auioiiut.  PerccDiaue  n»n- 
|HM<itU)ii:  SIO,  4311,  AI.O,  2i»,  BuO  56.  Cr>0 
7'3.  K,0  «-l.  H.0  ISB  =  100.  Monocliiiic 
(axes  p.  4IU1:  ill  com|>luk  twins,  iiDu1iii;mis  10 
Ihos'^  of  pliillipsili;  and  hnriiinloiiie  (Figs  881. 
8SB).  Biiule.  No  cleaTiige.  H.  =  4-4-5. 
O.  =  aSTtl-a-Sae.  Luster  *iireoi[a.  Colorless 
to  white.  Optically  +-  Bx  j.  A  (Oil)).  Bl- 
retriiiseiicrwenk, 

Ocrurs  ut  the  Buck  Creek  (Ciillakatiee) 
coniiidiiin  iiiine  Id  Clay  Co.,  No.  Carolina;  in 
Isohiteil  crystnls  altiicbed  to  relds|isr,  also  to 
born  I  lie  II  ill-  and  cnruDilum;  iDtimately  asso- 
ciated nttli  cbiibozite. 


PRILUFSmi. 
Monoclinic.    Axes  &:t>:6  =  0-7095  : 1  :  1-3563;  fi  =  55"  37'. 

mm"\  110  A  liO  =  60"  42".        em.  001  a  HO  =  60'  SO". 

tff.  100  A  ioi  =  M°  as*,  m",  on  a  oil  =  oa'  4'. 
Crystals  uniformly  penetration- twins,  but  often 
simulating  orthorhombic  or  tetragonal  forma.  Tnins 
sometimes,  but  rarelv,  simple  (1)  with  tw.  pi.  c,  and 
n  crticiform  bo  that  dineonal  pnrta  on  h  belong 
'  togotber,  iionce  a  fourfold  striRtion,  |  edge  b/ni,  may  he 
often  observed  on  h.  (2)  Douhle  twins,  the  simple  twine 
gust  noted  united  with  e  (Oil)  as  tw,  pi.,  and,  eince  ee' 
ios  but  little  from  00°,  the  resnlt  is  a  nearly  ■'(juare 
prism,  terminated  by  what  appear  to  be  pyramidal  faces 
«acfi  with  a  double  series  of  striations  away  from  the  medial  lino.  See  Figs. 
4-,'2-4-,'4,  \i.  130;  also  Fig.  362,  p.  122.  Faces  b  often  finely  striiited  ns  jnat 
noted,  but  striations  sometimes  absent  and  in  general  not  so  distinct  as  with 
liurmotonio;  also  in  striated  \  edge  h/m.  Crystals  either  isolated,  or  grouped 
ill  tiifis  or  .-spheres,  radiated  within  and  bristled  with  angles  at  eurfuce. 

(,'leavage:  e,  b,  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-45. 
G.  =  2"2.  Luster  vitreous.  Color  white,  sometimes  reddish.  Streak  uncolored- 
Tran.siucent  to  opaque.  Optically  -(-.  Ai.  pi.  and  R\„  X  *-  The  ax  pi.  lies 
ill  the  obtuse  angle  of  (i  i*.  and  is  usually  inclined  to  (>  about  1!>°  to  20°.  or  75" 
to  TO"  to  tiie  normal  toe.  The  position,  however. is  variable,  'ill^r  =  7 1 "-84°. 
Comp.  —  In  some  cases  the  formula  is  (K,.0al-\l^Si,O,,  +  4^11,0  = 
Silica  \H-».  alnmina  20-7,  lime  76,  potash  64.  water  H>'5  =  100.  Here 
Ca:K,=-2:  1. 
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Oba. — Id  tranalucent  cryeluls  in  bfualt,  ut  the  Qlnnt'a  Cauaewa;,  IielaDd  :  at  Capo  dl 
Bove,  Denr  Romci  Aci  Caaiello  aDd  elsewhere  in  Sicily;  amuug  tbe  luvas  of  Mle.  Somma; 
at  Steuipe],  near  Marburj;;  Auuerod,  tiear  Gltiseu;  in  the  Kaisersluhl,  with  (aujaaite; 
Saletl,  Buliemlti;  in  the  sDcieut  lafaa  of  the  Puy-de-Dfiine. 


HARMQTQMB, 

Mouoclinio.     Axes  a:1>:i~  0"031  :  1  :  1-2310;  /J  =  55°  10'. 

CrystalB  uniformly  cruciform  penetration -twins  with  c  as  tw.  p].;   either 

(1)  simple  twins  (Fig.  890)  or  (2)  united  aafonrlingBwith  tw.  pl.e.  These  double 

twins  often  have  the  aspect  of  a  square  prism  with  diagonal 

pyramid,  the  latter  with  characteristic  feather-like  striations 

from  the  medial  line.    Also  in  more  complex  groups  analogons 

I  to  those  of  phillipsite. 

Cleavage:  b  easy,  c  less  so.  Fracture  uneven  to  Bubcou- 
choidal.  Brittle.  H.  =  4-5.  G.  =  2-44-2'50.  Luster -vitreous. 
'  Color  white;  paasing  into  gray,  yellow,  red  or  brown.  Streak 
white.  Subtraiispareiit  to  translucent.  Optically  +.  Ax. 
pi.  and  Bx,  J.6.  Ax.  pi.  in  obtuso  angle  ai  and  inclined 
about  65°  to  a  and  60°  to  i.  2H„  =  87"  2'.  yS  =  J  -516. 
Comp.— In  part  H,(K„Ba)AI,Si,0,.  +  4ll,0  or  {K„Ba)0. 
Al,0..5SiO,.5H,0  =  Silica  471,  alumina  16  0,  baryta  206,  potash  2  1,  water 
14-1  =  100. 


wbtie  iraiiHluceut  glass.    Home  vanetii 
liydrochloric  acid  wllhout  gelattnlziiif!. 

Obi.— Occurs  in  basalt  and  timilnr  eruptive  rocks,  niso  phonolite,  trachyte  ;  not 
intreqiieDtly  on  gneiss,  nnd  In  some  metalliferoiiB  veins.  At  Slroniiiio,  iu  Scutland;  Id  b 
meialtiferoiis  vein  at  Andreaaberg  In  the  Harz;  at  Kudelaludt,  Silesia:  Oberstein,  dd  agate 
in  siliceous  ecimI eg;  at  KongBlierg,  Norway. 

In  the  IX  S..  In  small  brown  crystals  with  Btilbite  on  the  gneiss  of  New  York  island; 
near  Pt.  Arthur,  L.  SiipeHor. 

Named  from  dp/ioi,  joint,  and  r^/ircir,  to  cut,  alluding  lo  the  fact  llial  the  pyramid 
(made  by  tbe  prismatic  faces  In  twiDnlng  position)  divides  parallel  lo  tbe  plane  that  pastet 
through  the  terminal  edge*. 

STUiBrm.    Desmlne. 

Monoclinic.     Axes:  a:%:h  =  0-7623  : 1 :  11940;  jfl  =  50°  50'. 

Crystals  uniformly  cruciform  penetration-twine  with  tw.  pi,  c, 
analogous  to  pbillipaite  and  harmotome.  The  apparent  form  a 
rhombic  pyramid  whose  faces  are  in  (act  formed  by  tbo  planes  m 
and  in ;  the  vertical  faces  being  then  the  pinacoids  b  and  c  (cf.  Figs. 
56t)-5C2,  p.  237).  Usually  thin  tabular  \  b.  These  compound 
crystals  are  often  grouped  in  nearly  parallel  position,  forming  sbeaf- 
like  aggregates  with  the  side  face  (b),  showing  its  characteristic 
pearly  luster,  often  deeply  depressed.  Also  divergent  or  radiated; 
sometimes  globular  and  thin  lamellar-coin mnar. 

Cleavage:  6  perfect.  Fracture  uneven.  Brittle.  H.  =  3'5-4. 
G.  .-  2  094-3 -205  ;  2'16l  Haid.  Luster  vitreous;  of  b  pearly. 
Color  white ;  occasionally  yellow,  brown  or  red,  to  brick-re9. 
Streak  uncolored.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  [  h.  Bx^  inclined  5°  to  axis  h  in  obtuse  angle  A  i;  hence  Bx,  A  ^  = 
50'.     Ax.  angle  approx.  52°  to  53°  (blue  glass);  0  =  1-498. 
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Comp.— For  most  varieties  H,(Na,,Ca)Al,Si,0„+  4H,0  or  (Na„Ca)O.Al,0,. 
6SiO,.6H,0  =  Silica  57*4,  alumiua  16-3,  lime  7-7; soda  1-4,  water  17*2  =  100. 
Here  Ca:  Na,  =  6:1. 

Some  kiods  show  a  lower  percentage  of  siJica,  nod  these  have  been  called  hyposiUbite. 

P3rr.,  etc. — B.B.  exfoliiites,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 
fuses  to  a  white  euamel.  F.  =  2-3*5.  Decomposed  by  hydrochloric  acid,  without  gela- 
tinizing. 

Diff. — Characterized  by  the  frequency  of  radiating  or  sheaMike  forms;  by  the  pearly 
luster  on  the  clinopinucoid.     Does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  umygdaloidal  basalt,  and  similar  rocks.  It  is 
also  found  in  some  metalliferous  veins,  and  in  cranite  and  gneiss. 

Abundant  on  the  Fftrder;  in  Iceland;  on  the  file  of  Skye,  in  amygdaloid;  also  in  Dumbar* 
tonshire.  Scotland,  in  red  crystals ;  the  Giant's  Causeway,  Ireland ;  at  Andreasberg  in  the 
Harz,  and  Kongsberg  and  Arendal  in  Norway,  with  iron  ore  ;  on  tlie  Seisser  Alp  in  Tyrol» 
and  at  the  Putlerloch  (puJUrite);  on  the  granite  of  Striegau,  Silesia.  A  common  mineral 
in  the  Deccan  trap  area  of  British  India. 

In  North  Ametica.  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 
quarries,  Mass.;  at  Phillipstown.  N.  Y. ;  and  at  Bercen  Hill.  New  Jersey;  also  at  the 
Michipicoten  Islands,  Lake  Superior.  At  Partridge  Island,  Nova  Scotia  ;  also  at  Isle 
Haute,  Digbv  Neck,  C&\>e  Blomidon,  etc. 

The  name  sUlbiU  is  from  (TriXfirf,  luster;  and  damine  from  84<TUTf,  a  bundle. 

Qismondite.  Perhaps  CaAlaSi40ia  +4HsO.  In  pyramidal  crystals,  pseudo-tetraeonal. 
H.  =  4*5.  G.  =  2*265.  Colorless  or  white,  bluish  white,  grayish,  reddish.  Occurs  m  the 
leucitophyre  of  Mt.  Albano,  near  Rome,  at  Capodi  Bove,  and  elsewhere,  etc.;  on  the  Gomer 
glacier,  near  Zermatt;  Schlaurolh  near  GOrlitz  in  Silesia;  Salesl,  Bohemia,  etc. 

LAUMONTITXI.     Leonhardite.     Caporcianite. 

Monoclinic.     Axes  aihit—  1-1451  :  1  :  05906;  p  =  68°  46'. 

Twins  :  tw.  pi.  a.  Common  form  the  prism  rn  (mm'"  =  93°  44')  with 
oblique  termination  e,  201  {ce  =  66°  55').  Also  columnar,  radiating  and 
divergent. 

Cleavage:  h  and  m  very  perfect ;  a  imperfect.  Fracture  uneven.  Not 
very  brittle.  H.  =  3*5-4.  6.  =  2*25-2 -36.  Luster  vitreous,  inclining  to 
pearly  upon  the  faces  of  cleavage.  Color  white,  passing  into  yellow  or  gray, 
sometimes  red.  Streak  uncolored.  Transparent  to  translucent ;  becoming 
opaque  and  usually  pulverulent  on  exposure.  Optically  — .  Ax.  pi.  |  h. 
Bx»  A  ^  =  +  65°  to  70°.  Dispersion  large,  /o  <  r;  inclined,  slight.  2Ep  =  52*" 
24'. 

Comp.,  Yar.— H,CaAl,Si,0,,+  2H,0  =  4H,O.CaO.Al,0,.4SiO,=  Silica  511, 
alumina  2 1  7,  lime  11-9,  water  15-3  =  100. 

Leonhardite  is  a  laumontite  M^hich  has  lost  part  of  Its  water  (to  one  molecuie),  and  the 
same  is  probably  true  of  caporcianite.  Schneiderite  is  laumontite  from  the  serpentine  of 
Monte  Catini,  Italy,  which  has  undergone  alteration  through  the  action  of  magnesian 
solutions. 

P3rT.,  etc.— B.B.  swells  up  and  fuses  at  2*5-8  to  a  white  enamel.  Gelatinizes  with 
hydrochloric  acid. 

Obs.— Occurs  in  the  cavities  of  basalt  and  similar  eruptive  rocks;  also  in  porphyry  and 
syenite,  and  occasionally  in  veins  traversing  clny  slate  with  calciie. 

Its  principal  localities  are  the  FftrOer;  Disko  in  Greenland:  in  Boliemiu,  at  Eule  in  clay 
slate:  St.  Golhanl  in  Switzerhmd;  the  Fassathal;  the  Kilpatrick  hills,  ne:ir  Glosijow;  the 
HebridfS,  iind  the  north  of  Ireland.     In  India,  in  the  Deccan  trap  area,  at  Poona.  etc. 

Peter's  Point.  Nova  Scotia,  affords  fine  specinuns  of  this  species.  Found  at  Pliippsburg, 
Maine.  Abundant  in  many  places  in  the  copper  veins  of  I^ike  Sti  erior  in  trap,  and  oo 
I.  Royale;  on  north  shore  of  Lake  Superior,  between  Pigeon  Biy  and  Fond  du  Lac.  Found 
also  at  Bergen  Hill,  N.  J.;  at  the  Tilly  Foster  iron  mine,  Brewster.  N.  Y. 

Laubanite  Ca,Al,Si»Oii  +  6H,0.  Resembles  stilbite.  H.  -  45-5.  Q.  =  3-23. 
Color  snow-white.    Occurs  upon  phillipsite  in  basalt  at  Liiuban,  Silesia. 
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Chabazite 
Gmelinite 
Levynite 


Chabazite  Group.     Bhombohedral. 

rr'  b 

(Ca,Na,)Al,Si,0„  +  6H,0,  pt.       85°  14'      1-0860 

(Na,Ca)Al,Si,0„  +  6H,0  68°    V     0-7345  or  fS 

CaAl.Si.O,.  +  5H,0  73°  56'      08357        \k 


1-1017 
11143 


The  Chabazite  Group  includes  these  three  rhombohedral  species.     The 

fundamental  rhombohedrons  have  different  angles,  but,  as  shown  in  the  axial 

ratios  above,  they  are  closely  related,  since,  taking   the  rhombohedron   of 

Chabazite  as  the  basis,  that  of  Gmelinite  has  the  symbol  K'^^^^^)  ^^^  of 

Levynite  J(3034). 

The  variation  in  composition  often  observed  in  the  first  two  species  has  led  to  the  rather 
plausible  hypothesis  that  they  are  to  be  viewed  as  isomorphous  mixtures  of  the  feldspar-like 
compounds 

(Ca,Na,)Ala8iaO,  +  4H,0.  (Ca,Na,)Al,Si,Oi.  -f  8HaO. 


OHABAZITXI. 

Rhombohedral.    Axis  6  =  1-0860;  0001  A  lOll  =  51°  25 J'. 


892. 


893. 


894. 


Phacolite. 


complex  twins  (Fig.  348,  p.  118).     Also  amorphous. 

Cleavage:    r  rather    distinct.      Fracture    uneven.      Brittle.     H.  =  4-5. 

G.  =  2 -OS-^-ie.     Luster  vitreous.     Color  white,  flesh-red;  streak  uncolored. 

Transparent  to  translucent.     Optically  — ;  also  +  (Andreasberg,  also  hayden- 

ite).     Birefringence  low.   The  interference-figure  usually  confused ;  sometimes 

distinctly  biaxial;  basal  sections  then  divided  into  sharply  defined  sectors  with 

different  optical  orientation.     These  anomalous  optical  characters  probably 

secondary  and  chiefly  conditioned  by  the  variation  in  the  amount  of  water 

present.     Mean  refractive  index  1*5. 

Var.— 1.  Ordinary,  The  most  common  form  is  the  fundamental  rhombohedron,  in 
which  the  angle  is  so  near  90"*  that  the  crystals  were  at  first  mistaken  for  cul)e8.  AeaduUiU, 
from  Nova  Scotia  (Actidia  of  the  French  of  last  century),  is  a  reiidish  chabazite;  sometimes 
nearly  colorless.  Haydeniie  is  a  yellowish  variety  m  small  crystals  from  Jones's  Falls,  near 
Bnliimore,  Md.  2.  Phacolite  is  a  colorless  variety  occurring*  in  twins  of  hexagonal  form 
(Fig.  894).  and  lenticular  in  sliMpe  (wlience  the  name,  from  0^k6^.  a  bean);  the  original 
WHS  from  Li'ipa  in  Bohemia.  Here  belongs  also  herteheliU  (seebacliite)  from  Richmond, 
Viciori;!;  tlie  composite  twins  of  great  variety  and  beauty.  Probably  also  the  original 
herschelite  from  Sicily.  It  occurs  in  fiat,  almost  tabular,  hexagonal  prisms  with  rounded 
terminations  divided  into  six  sectors. 


SILICATES.  459 

Comp. — Somewhat  uncertain,  since  a  rather  wide  variation  is  often  noted 
even  among  specimens  from  the  same  locality.  The  ratio  of  (Ca,Na,.K,)  :  Al 
is  nearly  constant  (=  1  :  1),  but  of  Al,  :  Si  varies  from  I  :  3  to  I  :  5;  the  water 
also  increases  with  the  increase  in  silica.  The  composition  usually  corre- 
sponds to  (Ca,Na,)Al,Si^O„  -\-  CH,0,  which,  if  calcium  alone  is  present,  requires: 
Silica  47-4,  alumina  20-2,  lime  111,  water  21'3  =  100.  If  Ca  ;  Na,  =  1:1,  the 
percentage  composition  is:  Silica  47*2,  alumina  200,  lime  5*5,  soda  6'1,  water 
21-2  =  100. 

PoUissiiim  is  present  io  smull  amount,  also,  sometimes,  buriiim  and  strontium.     Slreng 
explains  the  sup|x>sed  facts  most  satisfactorily  by  the  hypothesis  that  the  members  of  tbu 
'group  are  isomorpboiis  mixtures  analogous  to  tbe  feldspars,  as  noted  on  p.  453. 

Pyr.,  etc.  — B.B.  iutumesces  and  fuses  to  a  blebby  glass,  nearly  opaque.     Decomposed  ^ 
by  iiydrochluric  acid,  wiib  sepanition  of  slimy  silica. 

Diff.  — Characterized  by  rhombohedral  form  (resembling  a  cube).  It  is  harder  tban 
calcite  and  does  not  effervesce  with  ncid;  unlike  calcite  and  lluorite  in  cleavage;  fuses  B.B. 
with  intumescence  unlike  anulcite. 

Obs.— Occurs  mo.^tly  in  basalticr  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist, 
hornbleiidic  schist.  Occurs  at  the  F&rOer,  Greenland,  and  Iceland,  associated  with  chlorite 
and  stilbite;  at  AuFsig  in  Bohemia;  at  OI>er8tein,  with  harmotome;  at  Anuerod,  near 
Giessen;  at  the  Giant's  Causeway,  Antrim,  Renfrewshire;  Isle  of  Bkye,  etc. 

In  the  U.  S.,  in  syenite  at  Bonierville,  Mass.;  at  Bergen'  Uill,  N.  J.,  in  small  crystals: 
at  Jones's  Falls  near  Baltimore  {haydeniie).  In  Nova  Scotia,  wine- yellow  or  tlesh-red  (the 
]ast  the  aefidialiU),  associated  witli  heulandite,  analcite  and  calcite,  at  Five  Islands,  Swan's 
Cre«*k,  Digby  Neck,  etc. 

The  name  C/iabaziU  is  from  xocfial^io?,  an  ancient  name  of  a  stone. 


QMBLINITXI. 

Rhombohedral.     Axis  d  =  0-7345. 

Crystals     usually    hexagonal  896.  896 

in  aspect;  sometijnes  p  (Olll) 
smaller  than  r  (1011),  and  habit 
rhombohedral  ;  rr'  =  68°  8', 
rp  =  37"  44'. 

Cleava<]je:   vi  easy  ;    c  some- 
times distinct.    Fracture  uneven. 
Brittle.     II.  =- 4-5.     G.  =  2  04- 
2'IT.    Luster  vitreous.    Colorless, 
yellowish  white,  greenish  white, 
reddish   white,  flesh-red.     Transparent   to  translucent.     Optically  positive, 
Cyprus,  also  negative,  Andreasberg,  the  Vicentine,  and   Glenarm,  N.Scotia. 
Birefrin;rence  very  low.   Interference-figure  often  disturbed,  and  basal  sections 
divided  optically  into  section  analofi^ous  to  chabazite. 

Comp. — In  part  (Na,,Ca)Al,Si^O„  +  6H,0.  If  sodium  alone  is  present 
this  requires:  Silica  4G'9,  alumina  10*9,  soda  12-i,  water  21*1  =  100.  See  also 
p.  458. 

Pyr.,  etc.— B.B.  fuses  easily  (F.  =  2*5-3)  to  a  white  enamel.  Decomposed  by  hydro- 
chloric acid  with  sepamtion  of  siliou. 

Obs.  — Orcurs  in  flesh  red  crystals  in  amypdaloidnl  rooks  at  Monteccliio  Maggiore;  al 
Andreasberg;  in  Transylvania;  Antrim.  Ireland:  Talisker  in  Skye,  in  largt-colorlej-s 
crystals. 

In  the  UnitJ'd  States  in  tine  wldte  crystals  at  liergeii  Hill.  N.  J.  At  Cape  Blomidon, 
Nova  Scotia  (MereriteV,  also.at  Two  Islands  and  Fiv«*  iKlarids. 

Named  (imeliniU  after  Prof.  Cli.  Gnielin  of  Tubingen  (1792-1860). 

Levynite.  CaAlaSi,0,«-f5H,().  In  rhomlx.hedral  crystals.  IT.  =  4-4*.5.  G.  =  2-09- 
216.     Colr)rless,  white,  grayish,  reddish,  yellowish.     Fonnd  at  Glenarm  and  at  Island 
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Magee.  Antrim;  at  Dalsnypen,  F&rOer;  in  Iceland;  in  the  basalt  of  Table  MounUin  near 
Golden,  Colorado. 

Ofretite.     A  potash  zeolite,  related  to  the  species  of  the  chabazite  group.     In  basalt 
of  Mout  Simiouse,  France. 


897. 


898. 


r^^ 


ANAIiOTTB.     Analcime. 

Isometric.   Usually  in  trapezohedrons;  also  cubes  with  faces  7i  (211);  again 

the  cubic  faces  replaced  by  a 
vicinal  trisoctahedron.  Some- 
times in  composite  groui>8 
about  a  single  crystal  as  nu- 
cleus (Fig.  351,  p."  119).  Also 
massive  granular;  compact 
with  concentric  structure. 

Cleavage:  cubic,  in  traces. 
Fracture  subconchoidal.  Brit- 
tle. H.  =  5-5-5.  G.  =  2-22- 
2-29;  2-278  Thomson.  Luster 
Titreous.  Colorless,  white;  occasionally  grayish,  greenish,  yellowish,  or 
reddish  white.  Transparent  to  nearly  opaque.  Often  sliows  weak  double 
refraction,  which  is  apparently  connected  with  loss  of  water  and  consequent 
change  in  molecular  structure  (Art.  411).     jij.  =  1*4874. 

Comp.— NaAlSi,0.-f  H,0  =  Na,O.Al,0,.4SiO,.2U,0  =  Silica  54-5,  alumina 
23-2,  soda  14*  1,  water  8*2  =  100. 

P3rr.,  etc. — Yields  water  in  the  closed  tube.  B.B.  fuses  at  35  to  a  colorless  glass. 
Gelatinizes  willj  hvdrocliloric  ncici. 

Diff. — Charncterized  by  tmpezoliedral  form,  but  is  softer  than  garnet,  and  yields  water 
B.B..  unlike  leuciie  (which  is  also  infusible);  fuses  witliout  iutumesceuce  to  a  clear  glass 
unlike  cliabazite. 

Ilecoguizeil  in  thin  sections  by  its  very  low  relief  and  isotropic  character:  often  shows 
optical  anomalies  From  leuciie  and  sodalite  surely  distinguished  only  l)y  chemical  tests, 
i.e.,  absence  of  chlorine  in  the  nitric-acid  test  (see  sodalite,  p.  444),  absence  of  much  potash 
and  abundance  of  soda  in  the  solution,  and  evolution  of  much  water  from  the  powdrr  in  a 
closed  glass  lube  below  a  red  heat. 

Obs. — Occurs  frequently  with  other  zeolites,  also  pvehnite.  calcitc.  etc.,  in  cavities  and 
seams  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.;  also  in  granite,  gneiss,  etc.  Recently 
shown  to  be  also  a  rather  widespread  com|H>nenl  of  the  groundmass  of  various  b:udc 
igneous  rocks,  at  times  being  the  only  alkali-alumina  silicate  present,  as  in  the  so-called 
analcite-ba.<^lts.  Has  been  held  in  such  cases  to  be  a  primary  mineial  produced  by  the 
crystallization  of  a  magma  containing  considerable  soda  and  water  vapor  held  undi?r 
pressure 

The  Cyclopean  Islands,  near  Catania.  Sicily,  afford  |">el lucid  crystals:  also  the  Fassathal 
in  Tyrol;  other  localities  are,  in  Scotland,  in  the  Kilpatrick  tills:  Co.  Antrim,  etc,  lu 
Ireland;  the  FUrOer:  Iceland;  near  Aussig.  Bohemia;  at  Arendal,  Norway,  in  beds  of  iron 
ore;  at  Andri-asberg.  in  the  Hnrz,  in  silver  mines 

In  the  U.  8.,  occurs  nt  Bergen  Hill.  New  Jersey;  in  gncis^s  near  Yon kcrs.  Westchester 
Co..  N.  Y.:  abundant  in  tine  crystals,  with  prehnite,  datoliie,  and  c/dcite,  in  the  Lake 
Superior  region;  at  Table  Mt.  near  Golden,  Colomdo,  with  other  zeolites.  Nova  Scotin 
affords  fine  specimens. 

The  name  Analcime  is  from  dv(xAKi<i  weak,  and  alludes  to  its  weak  electric  power 
when  heateci  or  rubbed.     The  correct  derivative  is  analciU,  as  here  adopted  for  the  species. 

Fai^Jasite.     Perhaps  H4Na,CaAl4Si,oO„  +  18H,0. 

In  isometric  octahedrons.  H.  =  5.  G.  =  1  923.  Colorless,  white.  Occurs  with  augite 
in  the  limburjrite  of  Sasbach  in  the  Kaiserstuhl.  Baden,  etc. 

Edingtonite.  Perhaps  BaAlsSi$Oio  +  dH^O.  Crystals  pyramidal  in  habit  (tetragonal- 
sphenoidal);  also  massive.  H.  =  4-4  5.  G  =2'6fl4.  White,  grayish  white,  pink. 
Occurs  in  the  Kilpatrick  Hills,  near  Glasgow,  Scotland,  with  harmotome. 


Natrolite  Group. 


Orthorbombic  and  Monoclinic. 


VatroUto 


Na,AI,Si.O„  +  2H,0 


0-9T85  ; 


Sooleoite 
HeKtlite 


09T64 


1  :  0  3536 
1  :  0-3434  ( 


Cii{A10H),(SiO.).  +  2H,0 
(  Na,Al,Si,0„  +  2H,0 
1  2L0aAl,Si.0„  +  3H,0] 
Tlie  iliree  apL-oies  of  tiie  Natroijtb  Oroup  agree  closely  in  nogle.  tiLiiiigli  vni 
crysmlliiie  svsiem  ;  NntrulUe  is  unhoriiiitnbic  usitully,  ftlao  nirely  mDiiucliuiu:  Sec 
iiiiii><H:liDic.  perliapsnlso  iu  pun  trklmk;  Heaolite  tieems  t<i  tw  l>olli  niouocliuic 
ciiiiic.     Fibnms   niilisliiig  or  liivergeiit  jtriiu  3  are  comuioo  ui  all  Uiesf  speclfs. 

Till-  N :ii ml ite Group  liicludre  Uie  stulium  sllicale,  Natrnllie,  wiib  lb«  tnifiMcnl 
N8,il,SijO„.3H,0;    llie    calcium   silicaie.    Scoleciie.    CiiAl,8i.O„.8H,Oi  also   : 
ti7iN>i,Al,SI,U,..'JH.O 
(   nCnAI.Si.O,.  BH.O  " 


e  btitweeD  ibcse  a\ 


liBpODdiug  t< 


NATROLITB.     Nadelzcoliita  Germ. 
Orthorhombic.  *    Axes  a  -.h  :i=  0-9785  :  1  : 
mm"',  no  A  liO  =  8S''4flJ', 

m./.    110  A  111  =  o;)"  ir. 


Ill  / 
111  / 


111 


1°  471'. 


Crystala  prismatic,  iisimlly  very  slender  to 
acicnllir;  fr'jqiiently  divergent,  or  in  stellate 
groiiji.  Al§o  fibrous,railiatii)g,  massive,  gran- 
ular, or  compact. 

Cleavage:  wi  perfect;  b  imperfect,  perliape 
only  a  pliine  of  parting  Fracture  luieven. 
II.  =  5-5ri.  G.  =  •2  20--i-ib.  Luster  vit- 
reous, sometimes  inoliniiig  to  pearlv,  especially  in  fibrous  varieties.  Color 
white,  or  colorless;  to  grayisli,  yellowisli,  reildifli  to  red.  Transparent  to 
tranBliicent.  Optically  +.  Ax.  pi.  J  S.  Bx  ±  c.  2E,  =  93"  28'.  /3^  =  1-4797; 
y  ^  a  =0  01:i. 

'Vn.  —  Ordinnrn.  Commonly  citber  'n)  in  g>^ii|is  of  Hleniter  colorlusi  prismntlL-  crys- 
lals.  vniyi"!;  bill  litlle  in  angle  from  square  pHsms,  often  aciciiliir.  nr  (b)  in  tilirous diver- 
gent or  rndialed  niaitws.  viireous  bi  luHter.  or  l>ui  alieblly  pearly  (llteiic  riidiateil  forms  nfien 
resemble  ibiise  of  Ihomsonitu  and  peerolite);  often  alsi)(e)aoliifRmygdiilea,  usually  nwliaied 
libi-oiis.  and  somewbiit  silky  In  luster  wlihin;  [d)  rarely  compiicl  massive.  GataetiU  Is 
ordinarily  natrolitc,  in  colorless  needles  froni  soiilbern  Scotland. 

Birgmnnnilt.  tpremtein,  brttieilt.  are  tinmes  wldch  have  been  Riven  to  Ibe  iiarroMl« 
from  the  aiigite-syenitc  of  sontbern  Norway,  on  tbe  LanRi'mnd  tlc)rd,  in,ibo  "Brevik" 
resioTi,  wbere  it  ocrurs  flbroiis.  maHSive.  and  in  long  prismniic  crytnllizaiiniis.  and  from 
wiiilc  I"  reel  in  color.  Derived  in  purl  from  pixoliie.  in  pari  fn-m  Nodidii".  Iren-nalroliU 
a  dark  irreen  opaque  variety,  either  erysliilline  or  amorphous,  from  tbe  lirevik  region;  the 


.clut 


->XAl,Si.0,.  +  2H,0  or  Na,O.Al,0,.3SiO, -f- 2H,0  =  Silica  47  4, 
alumina  ■iC>-».  Xa,0  I6;(,  water  95  =  100. 

Pyr..  etc. — In  llie  clo«e<l  lube  whiiens  aud  becomes  opaque.  B.B.  fuaes  qide'ly  nt  3  to 
a  cobrleis  glass.  Fusible  in  the  flame  of  an  ordinary  sleariue  or  wnx  candle.  Gelaiinizes 
with  acids. 

DiS  — Distiogufsbed  from  aragon lie  and  peclolilebylu  eany  fusibility  and  gelatiulzntion 
with  acid. 

Obi.— Occiira   in  caviiiet    in  amygdaloidal    basalt,   and  other  relati'd   igneous  rocks; 


•In 


-e  cases  the  crystals  seem  to  be  mooocliDic. 
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sometimes  in  seams  io  granite,  gneiss,  and  syenite.  Found  at  Aussig  and  Teplitz  in  Bohe- 
mia; in  fine  crystals  in  Auvergne;  Fassatlial,  Tyrol;  Eapnik,  Huiig..ry.  In  led  aniygdules 
(cror.alite)  m  amygdaloid  of  Ireland,  Scotland  and  Tyrol;  ihe  amygdaloid  li:  3l9hoptoik 
(galacUie);  at  Glen  Farg  (fargite)  in  Fifesliire.  Common  in  the  augite-syeuiie  of  the  LaDge* 
sund  fiord,  neiirBrevik,  southern  Norwjiy. 

In  Norih  America,  in  the  trap  of  Nova  Scotia;  at  Bergen  Hill,  N.  J.;  at  Copper  Falls, 
Lake  Superior. 

Named  Menotype  by  Hatty,  from  ^eao?,  middle,  and  rvVoS,  tj/pe,  because  the  form  of 
the  crystal— in  his  view  u  square  prism — was  intermediate  between  the  forms  of  stilbite  and 
annlcite.  Nuirolite,  of  Klaproih,  is  from  natron,  9oda;  it  alludes  to  the  presence  of  soda, 
whence  also  the  name  so€Ui-me90type,  in  contrast  with  scolecite.  or  lime-muoiype, 

SOOIiBOITB. 

Monoclinic.     Axes  a.  J  :  (*  =  0*9764  :  1  :  0-3434;  /?  =  89°  18/ 
Crystals  slender  prismatic  {mm'"  =  88°  37^'),  twins    showing  a  feather- 
like  striation  on  b,  diverging  upward;  also  as  penetration-twins.     Crystals  in 
divergent  groups.     Also  massive,  fibrous  and  radiated,  and  in  nodules. 

Cleavage:  7n  nearly  perfect.  II.  =  5-5*5.  G.  =  216-*i-4.  Luster  vitreous, 
or  silky  when  fibrous.  Transparent  to  subtranslucent.  Optically  — .  Ax.  pi. 
and  Bxo  ±b.     Bx,  A  (^  =  15°-16".     2U^,  =  32"  26'.     /3  =  14952. 

Comp.— CaAl,Si,0,„  +  311,0  or  CaO.Al,0,.3SiO,.3H,0  =  Silica  459,  alu- 
mina 26-0,  lime  143,  water  13*8  =  100. 

"Pyr..  etc.  — B.B.  sometimes  curls  up  like  a  worm  (whence  the  name  from  aKtJA?/^,  a 
fform.  which  gives  scolecite.  and  not  scolesiie  or  scoUeiU):  oiImt  vjirieiies  intiimesce  but 
slightly,  and  all  fuse  at  2-2  2  to  a  white  blebby  euamel.  Gelatinizes  with  acids  like 
natrolite. 

Oba. — Occurs  in  the  Beriifiord,  Iceland;  in  amygdaloid  at  Staffa:  in  Skye.  Jii  Talibker; 
near  Eiset^at  h.  Saxony;  in  Auvergne;  common  in  tine  crystallizations  in  the  Deccan  tnip 
area,  in  British  India.  In  the  United  Biaies.  in  Colorado  ut  Tahle  Mountain  near  Golden 
in  cavities  in  basalt      In  Canada,  at  Black  Lake,  Megantic  Co.,  Quebec. 

Mesolite.  Intermediate  between  natrolite  and  scolecite  (see  p.  432).  In  acicular 
and  capillary  crystals:  delicate  divergent  tufts,  etc.  G.  =  2  29.  While  or  colorless.  lu 
amygdaloidal  basalt  at  numerous  points. 

THOMSONTTE. 

Orthorhombic.     Axes  a  :  h  :  6  =  0-9932  :  1  :  10066. 

Distinct  crystals  ran*;  in  prisms,  wm'"  =  89°  3?'.  Commonly  columnar, 
structure  radiated;  in  radiated  spherical  concretions;  also  closely  compact. 

Cleavage:  b  perfect;  a  less  so;  c  in  traces.  Fracture  uneven  to  subcon- 
choidal.  Brittle.  H.  =  5-5-5.  G.  =  2-3-2'4.  Luster  vitreous,  more  or  less 
pearly.  Snow-white;  reddish,  green;  impure  varieties  brown.  Streak  uncol- 
ored.  Transparent  to  translucent.  Pyroelectric.  Optically  -f-.  Ax.  pi.  ||  r. 
Bx  ±b.     Dispersion  p  >  v  strong.     2Er  =  82  .     fir  —  1'503. 

Var. — 1.  Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectangiilnr  in  out- 
line, prismatic  in  habit,  (b)  Prisms  slender,  often  vesicular  to  raditUed.  (c)  Radiated 
fibrous,  (d)  Spherical  concretions,  consisting  of  radiated  fibers  nr  slender  crystals.  Also 
massive,  grnnular  to  impalpable,  and  whit*'  to  reddish  brown,  less  often  green  hs  in  Union- 
iU.  The  spherical  massive  forms  also  i-adiatc<l  with  several  centers  and  .»f  varying  colors, 
hence  of  much  beauty  when  polished.  Ozarkite  is  a  white  njassive  tbomsouite  from 
Arkarisa<>. 

Comp,~(Na„Ca)Al,Si,0.  +  |H,0  or  (Na„Ca)O.Al,0,.^^SiO,.SU,0.  The 
ratio  of  Na,  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Na,  =  3  :  1  the  percentage 
composition  requires:  SiO,  37-0,  A1,0,  314,  CaO  129,  Na,0  4*8,  H,0  139  = 
100. 

Pyr..  etc.— B.B  fuses  with  intumescence  at  2  to  a  white  enamel.  Gelatinizes  with 
hydrochloric  acid. 

Diflf— Resembles  some  natrolite,  but  fuses  to  an  opnque  not  to  a  clear  glass. 
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Obs.— Found  in  cavities  in  lava  in  amygdaloidal  igneous  roclcs,  sometimes  with 
elaeolite  ns  a  result  of  its  alteration.  Occurs  Dear  Elilpairick.  Scotland;  io  the  lavas  of 
Somma  {comptaniuy,  in  basalt  at  the  Pflasterkaute  in  Saze  Weimar;  iu  Bohemia,  in  phono- 
lite;  tiie  Cyclopean  islauds.  Sicily;  near  Brevik,  Norway;  the  FftrOer;  Iceland  (carpho- 
stilbite,  struw-yellow):  at  Mt.  Mouzoni,  Fassathal. 

Occurs  at  Peter's  Point,  Nova  Scotia.  In  the  U.  S.  at  Magnet  Cove  {oBarkite)  in  the 
Ozark  Mts.,  Arkansas:  in  the  amygdaloid  of  Urand  Marais,  L  Superior,  which  yields  the 
water-worn  pebbles  resembling  agate,  iu  part  green  {lintoniu);  iu  the  basalt  of  Table  Mt. 
near  Golden.  Col<». 

HydronepheUte.  HNa,Als8i.0i,  -f  8H,0.  Massive,  radiated.  H.  =  4  5-6.  G  =  2*268. 
Color  white;  also  dark  gray.  From  Litchfield,  Maine.  Baniie  from  the  Langesund  fiord, 
Norway,  is  similar. 


n.  Mica  Division. 

The  species  embraced  under  this  Division  fall  into  three  groups:  1,  the 
Mica  Group,  including  the  Micas  proper;  2,  the  Clintonite  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Vermiculitcs,  hydrated  compounds  chiefly  results  of  the  alteration  of  some  one 
of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  jield  easily  thin  laminsB.  They 
belong  to  the  monocliuic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  plane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  60°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  hex- 
agonal or  rhombohedral  symmetry;  further,  they  are  more  or  less  closely 
related  among  themselves  in  the  angles  of  prominent  forms. 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c,  the  chlorites  from  10  to  13  p.  c;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hydrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  whicn  show  dis- 
tinctly a  mica-like  structure  and  cleavage  and  also  pseudo-hexagonal  symmetry. 

1.  Mica  Group.     Monoclinic. 

Moscovite  Potassium  Mica  H,KAl,(SiOJ, 

aiiii-  0-57735  :  1  :  3-3128      /3  =  89^  54' 
Faragonite         Sodium  Mica  H,NaAl,(SiO,), 

LepidoUte  Lithium  Mica  KLi[Al(OII,F),]Al(SiO,).  pt. 

Zinnwaldite       Lithium-iron  Mica 

n  m 

Blotite  Magnesium-iron  Mica     (H.K),fMg,Fe),(Al,Fe),(SiO,),  pt. 

a:i  :d  =  0  57735  :  1  :  3-2743       /?  =  90°  0' 
Phlogopite  (n,K,(MgF)  ),M^,Al(SiO  J, 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 
Lepidomelane  Annite 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monoclinic  system,  but 
with  a  close  approximation  to  either  rhombohedral  or  orthorhombic  svmmetry; 
the  plane  angles  of  the  base  are  in  all  cases  60**  or  120".     They  are  all  c' 
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terized  by  highly  perfect  basal  cleavage,  yielding  very  thin,  tough,  and  more 
or  less  elastic  laminae.  The  negative  bisectrix,  a,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  but  a  few  degrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figure,  which  for  the  pseudo-rhombohedral 
kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above,  biotite 
has  usually  a  very  small  axial  angle,  and  is  often  sensibly  unaxial;  the  axial 
angle  of  phlogopite  is  also  small,  usually  10°  to  12°;  for  muscovite,  para- 
gonite,  lepidolite  the  angle  is  large,  in  air  commonly  from  50°  to  70°. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  but  little  from  90°;  they  show  to  a  considerable 
extent  the  same  forms,  and  their  isomorphism  is  further  indicated  by  their  not 
infrequent  intercrystallization  in  parallel  position,  as  biotite  with  muscovite, 
lepidolite  with  muscovite,  etc. 

A  blow  with  a  somewhat  dull-pointed  instrument  on  a  cleavage  plate  of 
mica  develops  in  all  the  species  a  six-rayed  perciussion-figure  (Fig.  901,  also 
Fig.  477,  p.   149),  two  lines  of  which  are  nearly  parallel  to  the  prismatic 
9Qj^^  edges;  the  third,  which  is  the  most  strongly  character- 

ized (Leitstrahl  Ger)n,),\s  parallel  to  the  clinopinacoid 
or  plane  of  symmetry.  The  micas  are  often  divided 
into  two  classes,  according  to  the  position  of  the  plane 
of  the  optic  axes.  In  the  jir si  class  belong  those  kinds 
for  which  the  optic  axial  plane  is  normal  to  b  (010),  the 
plane  of  symmetry  (Fig.  901);  in  the  second  class  the 
axial  plane  is  parallel  to  the  plfene  of  symmetry.  The 
percussion -figure  serves  to  fix  the  crystal lographic 
orientation  when  crystalline  faces  are  wanting.  A 
second  series  of  lines  at  right  angles  to  those  men- 
tioned may  be  more  or  less  distinctly  developed  by 
pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
figure;  this  is  sometimes  six-rayed,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  901  the  position  of  the  pressure- 
figure  is  indicated  by  the  dotted  lines.  These  lines  are  connected  with  gliding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  first  class  include:  Muscovite,  paragonite,  lepidolite,  also 
some  rare  varieties  of  biotite  called  anomite. 

The  second  class  embraces  :  Zinnwaldite  and  most  biotite,  including 
lepidomelane  and  phlogopite 

Chemically  considered,  the  micas  are  silicates,  and  in  most  cases  orthosili- 
cates,  of  aluminium  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  caesium);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which  they  contain. 


MUSCOVITE.     Common  Mica.     Potash  Mica.    Kaliglimmer  Oerm. 

Monoclinic,     Axes  d:i:d  =  057735  :  1  :  3-3128;  /3  =  89°  54'. 

Twins  common  according  to  the  mica-laio:  tw.  plane  a  plane  in  the  zone 
cAf  normal  to  c,  the  crystals  often  united  by  c.  Crystals  rhombic  or  hexagonal 
in  outline  with  plane  angles  of  60"  or  120°.  Habit  tabular,  passing  into  taner- 
ing  forms  with  planes  more  or  less  rough  and  strongly  striated  horizontally; 
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Ticinal  forms  common.  Folia  often  very  small  and  aggregated  in  stellate, 
plumose,  or  globular  forms;  or  in  scales,  and  scaly  massive;  also  crypto- 
crystalline  and  compact  massive. 

Cleavage:  basal,  eminent.     Also  planes  of  secondary  cleavage  as  shown  in 
the  percussion-figure  (see  pp.  464  and  149);  natural  plates  hence  often  yield 
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eM,     001  A  221  =  85°  SC. 

cu,    o(ji  A  ill  =  8r  w. 

MAf\22l  A  221  =  59' 48'. 

ii//,    in  A  iii  =59*  161'. 
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narrow  strips  or  thin  fibers  |  axis  h,  and  less  distinct  in  directions  inclined  60° 
to  this.  Thin  laminsB  flexible  and  elastic  when  bent,  very  tough,  harsh  to  the 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  less 
unctuous  or  talc-like  feel.  Etching-figures  on  c  monoclinic  in  symmetry 
(Fig.  481,  p.  150). 

H.  =  2-2.5.  G.  =  2*76-3.  Luster  vitreous  to  more  or  less  pearly  or 
silky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow, 
dark  olive-green,  rarely  rose-red.  Streak  uncolored.  Transparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep-colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions II  b,  c)  strong,  much  more  so  than  transversely  (vibrations  ||  a);  hence  a 
crystal  unless  thin  is  nearly  or  quite  opaque  in  the  first  direction  though  trans- 
lucent through  the  prism.  Optically—-.  Ax.  pi.  _L  ft  and  nearly  JL  c.  Bx, 
(=a)  inclined  about  —  1°  (behind)  to  a  normal  to  c.  Dispersion  p  >  v. 
Axial  angle  variable,  usually  about  70°,  but  diminishing  to  50°  in  kinds 
(phengite)  relatively  high  in  silica.  Birefringence  rather  high,  y  —  a  = 
0*039;  /?y  =  1-5941. 

Var.— 1.  Ordinary  Mu»eovUe.  In  crystals  as  above  described,  often  tabular  |  c,  also 
tapering  with  verlical  faces  rough  and  striated;  the  basal  plane  often  rough  unless  as  devel- 
oped by  cleavage.  More  commonly  in  plates  without  distinct  outline,  except  as  developed 
by  pressure  (see  above);  the  plates  sometimes  very  large,  but  passing  into  fine  scales, 
arranged  in  plumo^^e  or  other  forms.  In  normal  muscovite  the  thin  Inminoe  spring  back 
with  force  wLien  l)ent,  the  scales  are  more  or  less  harsh  to  the  touch,  unless  very  small,  and 
a  pcjirly  luster  is  seldom  prominent. 

2.  Damourite.  Including  margarodite,  gilbertUe,  hydro-museovite,  and  most  htdro- 
MiCA  in  i^eneral.  Folia  less  elastic  ;  luster  somewhat  pearly  or  silky  and  feel  unctuous  like 
talc.  Tiie  scales  are  usually  small  and  it  passes  into  forms  which  are  fine  scaly  or  fibrous, 
as  sericite.  und  tinally  into  the  compact  crypto  crystalline  kinds  called  oncotine,  including 
niucl)  plnite.  Axial  angle  for  damourite  chiefly  from  60"  to  70*.  Often  derived  by  alter- 
ation of  cyanite,  topaz,  corundum,  etc.  Although  often  spoken  of  as  hydrous  micas,  it  does 
not  sippear  that  damourite  and  the  allied  varieties  necessarily  contain  more  water  than 
ordinnry  muscovite;  they  may,  however,  give  it  off  more  re^idily. 

yfarr/arodite,  as  originally  named,  was  the  talc-like  mica  of  Mt.  Greiner  in  the  Zillerthal; 
^ruuular  to  scaly  in  structure,  luster  i>early.  color  grayish  while.  QiWevtite  occurs  in 
wliitislj.  silky  forms  from  the  tin  mine  of  St.  Austell,  Cornwall.  Serieite  is  a  tine  scaly 
muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the  name 
from  crthJtKiU,  tiiky. 

Com  p.,  Var. — For  the  most  part  an  orthosilicate  of  aluminium  and  potas- 
sium (lI,K)AlSiO^.  If,  as  in  the  common  kinds,  H  :  K  =  2  :  1,  this  becomes 
H,KAl,(SiOJ,  =  2H,O.K,0.3Al,0,.6SiO,  =  Silica  45-2,  alumina  385,  potash 
118,  water  4-5  —  100. 
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Some  kiDds  give  a  larger  amouDt  of  silica  (47  to  49  p.  c.)  than  corresponds  to  a  normal 
ortbosilicate,  and  they  have  been  called  phengiU.  As  sLiowu  bj  Clarke,  these  acid  mus- 
covitcs  (ran  be  most  simply  regarded  us  molecular  mixtures  of  HaKAls(Si04)s  and 
H,KA],(Si,0.),. 

Iron  is  tisually  present  in  small  amount  only.  Barium  is  rarely  pre&ent,  as  in  oeWieJieriU, 
G.  =  i  88-2*99.  Chromium  is  also  present  in  fuchsite  from  Schwarzenstein,  Zillerthal,  and 
elsewhei-e. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  which  with  Brazil-wood  often  reacts  for 
fluorine.  15.B.  whitens  and  fuses  on  the  thin  edges  (F.  =  57,  v.  Kobeli)  to  a  gmy  or  yellow 
glass.  With  fluxes  gives  reactions  for  iron  and  sometimes  manganese,  rarely  chromium, 
^ot  decomposed,  by  acids.     Decomposed  on  fusion  with  alkaline  carbonates. 

Diff.  —Distinguished  in  normal  kinds  from  all  but  the  species  of  this  division  by  the  per- 
fect basal  cleavage  and  micaceous  structure,  the  pale  color  separates  it  from  most  Inotite;  the 
laminiB  are  more  flexible  and  elastic  than  those  of  phlogopite  and  still  more  than  those  of 
the  brittle  micas  and  the  chlorites. 

In  thin  sections  recognized  by  want  of  color  and  by  the  perfect  cleavage  shown  by 
fine  lines  (as  in  Fig.  907,  p  344)  in  sections  i  c,  in  a  direction  parallel  to  c.  By  reflected 
light  un«ler  the  microscope  the  same  sections  show  a  peculiar  mottled  surface  with  satin-like 
luster;  birefringence  rather  high,  hence  interference-colors  bright. 

Obs. — Muscovite  is  the  most  common  of  the  micas.  It  is  an  essential  constituent  of 
mica  schist  and  related  rocks,  and  is  a  prominent  component  of  certain  common  varieties 
of  granite  and  gneiss;  also  found  at  times  in  fragmental  rocks  and  limestones;  in  volcanic 
rocks  it  is  rare  and  appears  only  as  a  secondary  product.  The  largest  and  b^t  developed 
crystals  occur  in  the  pegmatite  dikes  associated  with  granitic  intrusions,  either  directly 
cutting  th«}  gnmite  or  in  its  vicinity.  Often  in  such  occurrences  in  enormous  plates  from 
which  the  mica  or  "isinglass"'  of  commerce  is  obtained.  It  is  then  often  associated  with 
crystallized  orthoclase,  quartz,  albite;  also  apatite,  tourmaline,  ^rnet,  beryl,  columbite, 
etc.,  and  other  mineral  species  characteristic  of  granitic  veins.  Further,  muscovite  often 
encloses  flattened  crystals  of  garnet,  tourmaline,  also  quartz  in  thin  plates  between  the 
sheetii;  further  not  infrequently  magnetite  in  dendrite-like  forms  following  in  part  the 
directions  of  the  percussion-flgure. 

Some  of  the  best  known  localities,  arc:  Abuhl  in  the  Sulzbachthal,  with  adularia; 
R(.>thcnkopf  in  the  Zillerthal,  Tyrol;  Soboth,  Styria;  St.  Gothard,  Binnenthal,  and  else- 
where in  Switzerland;  Mourne  Mts.,  Ireland:  Cornwall;  Ut6,  Falun,  Sweden;  Skuttenid, 
Norway.     Obtained  in  large  plates  from  Greenland  and  the  East  Indies. 

In  Maine,  at  Mount  Mica  in  the  town  of  Paris;  at  Buckfield,  in  fine  crystals.  In  N. 
Bdmp.,  at  Ac  worth,  Grafton.  In  Mass.,  at  Chesterfield;  South  Royalston;  at  Goshen,  rose- 
red.  In  Cotui.f  at  Monroe;  at  Litchfield,  with  cyanite;  at  the  Middletown  feldspar  quarry; 
at  Haddam;  at  Branchville.  with  albite,  etc.:  New  Milford.  In  N.  York,  near  Warwick; 
Edenville;  Eiwards.  In  Penn.,&i  Pennsbury,  Chester  Co.;  at  Unionville,  Delaware  Co., 
and  at  Middletown.  In  Maryland,  at  Jones's  ^alls.  Baltimore.  In  Virginia,  at  Amelia  Court- 
House.  In  No.  Carolina,  extensively  mined  at  many  places  in  the  western  part  of  the  state; 
the  chief  mines  are  in  Mitchell,  Yancey,  Jackson  and  Macon  Cos.  The  mica  mines  have 
also  afforded  many  rare  species,  as  columbite,  samarskiie,  hatchettolitc.  uraninite,  etc.;  in 
good  crystals  in  Alexander  Co.  In  S.  Carolina,  there  are  also  muscovite  deposits;  also  in 
Georgia  and  Alabama. 

Mica  mines  have  also  been  worked  to  some  extent  in  the  Black  Hills,  South  Dakota;  in 
Washington,  at  Rockford,  Spokane  (^o. :  in  Colorado. 

Muscovite  is  named  from  Vitrum  Muscoviiicutn  or  Muscovy-glass,  formerly  a  popular 
name  of  the  mineral. 

Finite.  A  general  term  used  to  include  a  large  number  of  alteration -products  especially 
of  iolite,  ako  spoduinene,  ncphelite,  scapolite,  feldspar  and  other  minerals.  In  composi- 
tion essentially  a  hydrous  silicate  of  aluminium  and  potassium  corresponding  more  or  less 
closely  to  muscovite,  of  which  it  is  probablv  to  be  regarded  as  a  massive,  compact  variety, 
usually  very  impure  from  the  admixture  of  clay  and  other  substances.  Characters  as  fol- 
lows: Amorphous;  granular  to  cryptocrystalline.  Rarely  a  stibmicaceous  cleavage.  H.  = 
2-5-8'5.  G.  =  2 '6-2 '85.  Luster  feeble,  waxy.  Color  grayish  white,  grayish  green,  pea- 
green,  dull  green,  brownish,  reddish.  Translucent  to  opaque.  The  following  are  some  of 
the  minerals  classed  as  pinite:  gigantolite,  gieseekite  (see  p.  355),  liebeneriU,  dysyntrihiU, 
parophite,  rosiU,  polyargiie,  wilsonite,  killiniU. 

Agalmatolite  (pagodite)  is  like  ordinary  massive  pinite  in  its  amorphous  compact  texture, 
luster,  and  other  physical  characters,  but  contains  more  silica,  which  may  be  from  free 
quartz  or  feldspar  as  impurity.  The  Chinese  has  H.  =  2-2*5;  G.  =  2-785-2'815.  Colors 
usually  grayish,  grayish  green,  brownish,  yellowish.     Named  from  ayaXfia^  an  vmagt; 
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pagodiU  is  from  pagoda,  the  Chinese  carving  the  soft  stone  into  miniature  pngodas,  images, 
etc.  Part  of  the  so-called  a^almaiolite  of  China  is  true  pinite  in  composition,  another  part 
is  compatrt  pyropliyllite,  and  still  another  sie-itite  (see  these  species). 

Paragonite.  A  sodium  mica,  corresponding  to  muscoviie  in  composition;  formula, 
HjNaAla  (Si04)3.  In  fine  pearly  scales;  also  compact  G.  =  2  78-2*90.  Color  yellowish, 
grayish,  greenish;  constitutes  the  m>iS8of  the  rock  at  Monte  C.-impione  near  Faido  in  Canton 
Tessin,  Switzerland,  containing  cyaniteand  staurolite;  called  paragonite-schisl.  Occurs 
associated  with  tourmaline  and  corundum  at  Uuionville,  Delaware  Co.,  Pa. 

LEPIDOIilTE.     Lithia  Mica.     Lithiouglimmer  Oerm, 

III  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  CrySv 
tals  sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavable 
plates,  but  commonly  massive  scaly-granular,  coarse  or  fine. 

Cleavage:  basal,  highly  eminent.  H.  =  2*5-4.  G.  =  2-8-2*9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  grayish  white,  white. 
Translucent.  Optically—.  Ax.  pi.  usually  X^;  rarely  1  ^.  B.x^  (a)  inclined 
1°  47'  red,  and  l""  33^'  yellow  (Na)  to  normal  to  c.  Axial  angle  lai'ge,  from 
50°-72%  fi  =  1-5975. 

Comp.— In  part  a  metasilicate,  R,Al(SiO.),  or  KLi[Al(OH,F),]Al(SiO.),. 

The  ratio  of  fluorine  and  hydroxyl  is  variable.     The  iollowing  are  analyses 

(Riggs): 

8iO,    A1,0,    Fe,0,    FeO    MuO      K,0      Li,0    Na,0     11,0      F 

Paris.        50  9i    24  99       0  30      0  23       tr.        11-38      4  20      211       196    6  29  =  102-88 

Hehron,   48y0    2830       029       009      008      12-2r     449      074       173    4-96 

[CaO.MgO  0  17  =  101-86 
•  With  0-77  (Rb,C«),0. 

P3rr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with 
intumescence  at  2-2-5  to  a  white  or  grayish  gla«<s.  sometimes  mtigiietic.  coloring  tlie  flame 
purplish  red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After 
fusi(m.  gelatinizes  with  hydrochh)ric  acid. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia.  touriunline:  also  with  aiublygonite,  spodumene,  cassiterite,  etc.;  sometimes  associated 
with  mu.scovite  in  parallel  posititm. 

Found  'icar  Ulf)  in  Sweden;  Penig,  Saxony;  Rozena  (or  Rozna).  Moravia,  etc.  In  the 
United  States,  common  in  the  western  part  of  Maine,  in  Hebron.  Auburn  Paris,  etc.;  at 
Chesterticld,  Mass.;  Middletown.  Conn.:  with  rubellite  near  San  Diego.  Californin. 

Named  Icpidolite  from  Xenii,  scale,  after  the  earlier  German  name  Sehuppensiein,  allud- 
ing to  the  scal}^  structure  of  the  massive  variety  of  Rozena. 

CooKEiTE  is  a  micaceous  mineral  occurring  in  rounded  aggrecations  on  rubellite,  also 
with  lepidolite.  tourmaline,  etc.,  at  Hebron.  Me.     Composition  Li[Al(0H)»]s(Si03)t. 

Zinnwaldite.  An  iron-lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  to 
brown  and  dark  gray.     Occurs  at  Zinnwald  and  Altenberg;  similarly  in  Cornwall. 

Cryophyllite  is  a  related  lithium  mica  from  Rockport,  Mass.  Polyliihioniie  is  a  lithium 
mica  from  Kangcrdluarsuk,  Greenland. 

BIOTITE. 

MoTiocliiiic;    pseudo-rhombohedral.      Axes    a'.i:6-=  0*57735  : 1  :  3-2743; 

ft  =  90\ 

Habit  tabular  or  short  prismatic;  the  pyramidal  faces  often  repeated  in 
oscillatory  combination.  Crystals  often  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  z'  (l32),  which  are  inclined  to  c  at  sensibly  the 
same  angle,  often  occur  together;  further,  the  zones  to  which  these  faces 
beloiifT  are  inclined  120°  to  each  other,  hence  the  hexagonal  outline  of  basal 
sections.     I'wins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the  prismatic 
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zoneXc.     Often  in  disseminated  scales^  sometimes  in  massive  aggregations 
of  cleavable  scales. 


CO,  001  A  112  =  73'  r. 
cM,  001  A  221  =  85'  38'. 
cix,    001  A  ill  =  81"  19  . 


cr,  001  A  101  =  SO''  0'. 
ez.  001  A  132  =  80**  0'. 
MM\  221  A  221  =  59'  48^'. 


904. 


905. 


906. 


:: £         


Cleavage:  basal,  highly  perfect;  planes  of  separation  shown  in  the  perens- 
sion-figure;  also  gliding-planes  p  (S05),  C  (1*^*^)  shown  in  the  pressure-figure 
inclined  about  66  to  c  and  yielding  pseudo-crystalline  forms  (Fig.  4T5,  p.  148). 
H.  =  2*5-3.  G.  =  2*7-3'l.  Luster  splendent,  and  more  or  less  pearly  on  a 
cleavage  surface,  and  sometimes  submetallic  when  black;  lateral  surfaces 
vitreous  when  smooth  and  shining.  Colors  usually  green  to  black,  often  deep 
black  in  thick  crystals,  and  sometimes  even  in  thin  laminsB,  unless  the  laminsB 
are  very  thin;  such  thin  laminae  green,  blood-red,  or  brown  by  transmitted 
light;  also  pale  yellow  to  dark  brown;  rarely  white.  Streak  uncolored. 
Transparent  to  opaque. 

Pleochroism  strong;  absorption  b  =  c  nearly,  for  a  much  stronger.  Hence 
sections  ||  c  (001)  dark  green  or  brown  to  opaque;  those  J_c  lighter  and  deep 
brown  or  green  for  vibrations  ||  c,  pale  yellow,  green  or  red  for  vibrations  J^c. 
Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions.  Op- 
tically — .  Ax.  pi.  usually  ||  b,  rarely  J_  b.  Bx^  (=  a)  nearly  coincident  with 
the  normal  to  c,  but  inclined  about  half  a  degree^  sometimes  to  the  front, 
sometimes  the  reverse.  Axial  angle  usually  very  small,  and  often  sensibly 
uniaxial ;  also  up  to  50°.     Birefringence  high,  y  —  or  =  0*04  to  006. 

Comp.,  Tar. — In  most  cases  an  orthosilicate,  chiefly  ranging  between 
(H,K),(Mg,Fe),(Al,Fe),(SiO,),  and  (H,K),(Mg,Fe).Al,(SiO,),.  Of  these  the 
second  formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron 
varies  widely. 

Biotite  is  divided  into  two  classes  by  Tschermak: 

I.  Mkkoxenb.  Axial  plane  |  b.  11  Anomite.  Ax.  pi.  i  6.  Of  these  two  kinds, 
meroxene  includes  nearly  all  ordiuary  biotite,  wbile  anomite  is,  so  far  as  yet  observed,  of 
restricted  occurrence,  the  typical  loralilies  being  Greenwood  Furnace,  Orange  Co.,  N.  Y., 
and  L.  Bniknl  in  £.  Siberia.  Meroxene  is  a  name  early  given  to  tlie  Yesuvian  biotite. 
Anomite  is  from  avtnto^y  contrary  to  law. 

UanrjhloniU  and  Siderophyllite  are  kinds  of  biotite  containing  much  iron. 

MangnnophylUte  is  a  miinganesiun  biotite.  Occurs  in  aggregations  of  thin  scales.  Color 
bronze-  t«»  copper-red.  Streak  pale  red.  From  Pajsberg  and  L&ngban,  Sweden;  Pied- 
mont. Italy. 

Tin*  f<)llowi?\pr  are  typical  analyses  of  biotite:  1,  by  Berwerth;  2,  by  Rammelsberg; 
8.  by  Smith  and  Brush. 

SiO,    A1,0,  Fe,0,   FeO    MgO    CaO  K,0  Nn,0  H,0      P 

1.  Yesuvius  89-30    16  95     0-48     8-45    21*89    0*82  7*79    0*49    4  02    0*89 

[=  101  08 

2.  Mlask,  ft/acA;  8249    12-34     6*56    2518      529      -    9  59    0  88    2  42    161 

[TiO,  4  08  =100-34 
8.  ^n(wn7€. Greenwood  P.  89-88    1499     7-68       -      28*69      -    911    112    1-80    0  95 

[010  44  =  99-16 
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Pyr.,  etc.— In  the  closed  tube  gives  a  little  water.    Some  yarieties  give  the  reaction  fot 


907. 


a 
Section  i  e. 


fluorine  in  the  open  tube;  some  kinds  give  little  or 
no  reaction  for  iron  with  the  fluxes,  while  others 
give  strong  reactions  for  iron.  B.B.  whitens  and 
fuses  on  the  thin  edges.  Completely  decomposed 
by  sulphuric  acid,  leaving  the  silica  in  thin  scales. 

Diff. — Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
nearly  uniaxial. 

Recognized  in  thin  sections  by  its  brown  (or 
green)  color;  strong  pleochroism  and  strong  absorp- 
tion parallel  to  the  elongation  (unlike  tourmaline). 
Sections  |  e  are  nonpleochroic,  commonly  exhibit 
more  or  less  distinct  hexagonal  outlines  and  yield  a 
negative  sensibly  uniaxial  flgure.  Sections  1  e  are 
strongly  pleochroic  and  are  marked  by  tine  parallel 
cleavage  lines  (Pig.  907);  they  also  have  nearly  par- 
allel  extinction,  and  show  high  polarization  colors; 
by  reflected  light  they  exhibit  a  peculiar  mottled  or 
watered  sheen  which  is  very  characteristic  and  aids  in  distinguishing  them  from  brown 
hornblende. 

Obs. — Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  from  magmas  containing  considerable  potash  and  magnesia. 
Common  in  certain  yarieties  of  granites,  syenite,  diorite,  etc.,  of  the  massive  granular  type; 
also  in  rhyolite,  trachyte,  and  andesite  among  the  lavas;  in  minettes,  kersantiies,  etc.  It 
occurs  also  as  the  product  of  metamorphic  action  in  a  variety  of  rocks.  It  is  not  infre- 
quently asaoeiated  m  parallel  position  with  muscovite.  the  latter,  for  example,  forming  the 
outer  portions  of  plates  having  a  nucleus  of  biotite. 

Some  of  the  prominent  localities  of  crystallized  biotite  are  as  follows:  Vesuvius,  com- 
mon particularly  in  ejected  limestone  masses  on  Monte  Somma,  with  augite,  chrysolite, 
neplielite,  humite,  etc.  The  crystals  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  in  form;  also  dark  ereen  to  black:  Mt.  Monzoni  in  the  Fassathal;  Schwarz- 
enstein,  Zillerthal:  Rezb&nya  and  Morawitza  in  Hungary;  Schelingen  and  other  points  in 
the  Kaiserstuhl;  the  Laacher  See;  on  the  west  side  of  L.  llmen  near  Miask,  etc. 

In  the  United  States  ordinary  biotite  is  common  in  granite,  gneiss,  etc.;  but  notable 
localities  of  distinct  crystals  are  not  numerous.  It  occurs  with  muscovite  (wh.  see)  as  a 
more  or  less  prominent  constituent  of  the  pegmatite  veins  in  the  New  England  States;  also 
Pennsylvania,  Virginia,  North  Carolina.     SuLerophylUte  is  from  the  Pike's  Peak  region. 

Caswelute.    An  altered  biotite  from  Franklin  Furnace,  N.  J. 


PHLOOOPmi. 

Monoclinic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  tapering; 
often  large  and  coarse ;  in  scales  and  plates. 

Cleavage:  basal,  highly  eminent.  Thin  laminae  tongh  and  elastic.  H.  = 
2*5-3.  G.  =  2  78-2 '85.  Luster  pearly,  often  submetallic  on  cleavage  surface. 
Color  yellowish  brown  to  brownish  red,  with  often  something  of  a  copper-like 
reflection;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterism  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleochroism 
distinct  in  colored  varieties:  c  brownish  red,  b  brownish  green,  a  yellow. 
Absorption  c  >  b  >  a.  Burgess.  Optically  — .  Ax.  pi.  ||  h,  Bx^  nearly  J_  c. 
Axial  angle  (2E)  small  but  variable  even  in  the  same  specimen,  from  0°  to  17** 
25'  for  red.  Dispersion  p  <  r.  The  axial  angle  appears  to  increase  with  the 
amount  of  iron. 

A  magnesium  mica,  near  biotite,  but  containing  little  iron;  potassium  is 

prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typical  phlogopite^ 

I  I 

according  to  Clarke,  is  R,Mg,Al(SiO,),,  where  R  =  H,K,MgF.    Anal^a^s:  1 

by  Penfield;  2  by  Clarke  and  Schneider. 
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8tOa    Al,Ot  Fe,Ot  FeO     MrtO    BaO    K,0  Nii,0    H,0     F 
Edwards       2792    |  44»1  lU  «7    —    OSl  28  90    —    8-4U  0-4tJ»  6-42   —    ign  (100*)  0-9« 

t=  10U1« 
Burgess  89  66  17  00  0*27  0*20  26*49  0*62  9*97  0*60   2*99  2*24  TifO  0*56 

[=  100-6C 
•  With  008  LI,0. 

Obs. — Phlogopite  is  especially  cbarncterisiic  of  crystallioe  limestone  or  dolomite.  It  U 
of  leu  associated  with  pyroxene,  nmphibole,  serpeutine,  etc.  Thus  as  at  Pargas,  Fiu- 
land;  io  St.  Lawrence  Co.  and  Jefferson  Co.,  N.  Y.;  also  Burgess,  Ontario,  and  elsewhera 
in  Canada. 

Named  from  0X'  yfairoS,  flreliks,  in  allusion  to  the  color. 

The  iisierism  of  pu.ogopite,  seen  when  a  caudle- flame  is  viewed  througb  a  thin  sheet,  \a 
a  common  chanicter,  particularly  prominent  in  the  kinds  fn)m  northern  New  I'ork  and 
Canada.  It  hus  been  shown  to  be  due  to  minute  acicular  inclusions,  rutile  or  tourmaline, 
arranged  chiefly  in  the  direction  of  the  i-ays  of  the  pressure-flgure,  proilucing  a  distinct  six- 
rayed  star;  also  parallel  to  the  lines  of  the  {)ercussioD-flgure,  giving  n  secondary  star,  usually 
less  prominent  than  the  other. 

I«epidomelane.  Nc*ar  biotite,  but  characterizeil  by  the  large  amount  of  ferric  iroc 
present.  Anixiie  from  Ca|>e  Ann,  Mass.,  belongs  here.  In  small  six-sided  tables,  or  ax 
aggregate  of  minute  scale.<^  H.  =  8.  G.  =  3  0-8*2.  Color  black,  with  occasionally  f 
leea- green  reflection. 

Alurgite.     A  manganese  mica  from  St.  Marcel.  Piedmont. 


Roscoelite.  A  vanadium  mica;  formula  doubtful.  In  minute  scales;  structure  mica 
oeous.  G.  =  2'92-2-94.  Color  clove-brown  to  greenish  brown.  Occurs  at  the  gold  mii» 
at  Granite  Creek,  El  Dorado  Co.,  California. 


2.  Cliiitofiite  Group.     Monoclinio. 

The  minerals  here  included  are  sometimes  called  the  Brittle  Micas.  Thej 
are  near  the  micas  in  cleavage,  crystalline  form  and  optical  properties,  but  are 
marked  physically  by  the  brittleness  of  the  laminae,  and  cnemically  by  their 
basic  character. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcium  mica,  is  a  basic  silicate  of  alnmininm  and 
calcium,  while  Chloritoid  is  a  basic  silicate  of  alutninium  and  ferrous  iroD 
(with  magnesium),  like  the  chlorites. 


MAROARTTE.     Ealkglimmer  Germ. 

Monoclinic.  Rarely  in  distinct  crystals.  Usually  in  intersecting  oi 
aggregated  laminae;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminae  rather  brittle.  11.  =  3 '5-4  5.  G.  = 
2'99-3'08. .  Luster  of  base  nearly,  of  lateral  faces  vitreous.  Color  grayish, 
reddish  white,  pink,  yellowish.     Translucent,  snbtranslucent. 

Optically  — .  Ax.  pi.  J_  b.  Bx^  approximately  J.  c,  but  varying  more 
widely  than  the  ordinary  micas,  a  c  =  +  GJ°.  Dispersion  p  <  v.  Axial 
angle  large,  from  100**  to  120"  in  air.     Refractive  index  ff  =  1-G4-1*65. 

Comp." —  H,CaAl,Si,0„  =  Silica  30-r3,  alumina  51*3,  lime  14*0,  water 
4-5  =  100. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.  B.B.  whitens  and  fuses  on  the  edges. 
Slowly  Jind  imperfecily  decomposed  by  l>oiling  hydrochloric  acid. 

Obs. — Associated  commonly  with  corundum,  and  in  many  oases  obviously  formed 
diri'Ctly  from  it;  thus  at  the  emery  de|>osits  of  Gunuich-dajj:h  in  Asia  Minor,  the  islands 
Niixos.  Nicaria,  etc.  Ocn  -s  in  chlorite  of  Ml.  Greiner.  Sierzing,  Tyrol.  In  the  U.  S.,  at 
the  emery  mine  at  ChestCA    Mass.;  at  Union ville,  Chester  Co.,  Pa.;   with  corundum*  in 
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Madison  Co.  niid  elsewhere  in  North  Carolina;  at  Gainesyille,  Hall  Co  ,  Georgia;  at  Dudley- 
ville.  Alabama. 

Named  MargariU  from  ^afiyapirtji,  pearL 

SEYBERTITJQ.    Clintonite.    Brandisite. 

Monoclinic,  near  biotite  in  form.  Also  foliated  roassive;  sometimes 
lamellar  radiate. 

Cleavage:  basal,  perfect.  Structure  foliated,  micaceous.  LaminsB  brittle. 
Percussion-  and  pressure- figures,  as  with  mica.  H.  =  4-5.  G.  =  3-3  1,  Luster 
pearly  submetallic.  Color  reddish  brown,  yellowish,  copper-red.  Streak 
uiicolored,  or  slightly  yellowish  or  grayish.  Pleochroism  rather  feeble.  Opti- 
cally — .  Ax.  pi.  J_  b  seyhertite;  \  b  brandisite.  Bx^  nearly  JL  c.  Axial  angles 
variable,  but  not  large.     Birefringence  high. 

Var. — 1.  The  Amity  $eybertite  (clintonite)  is  in  reddish-brown  to  copper-red  brittle 
foliated  masses;  the  surfaces  of  the  folia  often  marked  with  equilateral  tiiang.ea  like  some 
mica  and  chlorite.     Axial  angle  S**-!^*'. 

2.  BrandpiiU  (diaterrite),  from  the  Fassathal,  Tyrol,  is  in  hexagonal  piimis  of  a  yellowish- 
green  or  leek  green  color  to  reddish  gniy;  H.  =  5  of  base;  of  sides,  (5-6*5.  Ax.  plane  |  6. 
Axial  angle  15'*-3U\     Some  of  it  pseui.omorphous,  after  fas&iite. 

Comp— In  part  H.(Mg,Ca),Al,Si,0„  =  3H,O.10(Mg,Ca)O.5Al,O,.4SiO,. 

P3nr.,  etc. — Yields  water.  B.B.  infusible  alone,  but  whitens  In  powder  mted  on  by 
concentrated  acids. 

Obs. — Seybertite  occurs  at  Amity,  N.  Y.,  in  limestone  with  serpentine,  nssociated  with 
ampliibole.  spinel,  pyroxene,  graphite,  etc.;  also  a  chlorite  neai  leuchienberL-iie.  Branditnte 
o<>(Mirs  on  Mt.  Monzoni  in  the  Fassathal,  Tyrol,  in  white  limestone,  with  fassaite  and  bla(  k 
epinel. 

Zanthophyllite.  Perhaps  II*(Mg,Ca),4Ali«SifcOM.  The  original  xnnthophyllite  is  in 
<TUsts  or  in  implanted  globular  forms.  Optically  negative.  Ax.  angle  usually  very  small, 
4JV  sensibly  tininxial;  sometimes  20**.     From  near  Zlatoust  in  the  Ural. 

Wtdn^mte  is  the  same  species  occurring  in  distinct  pseuiio-rhombohedral  crystals.  Folia 
!)rittle.  H.  =  4*6.  G.  =  8  093.  Luster  vitreous;  on  cleavage  plane  pearly.  Color  leek- 
to  bottle-irreen.  Transparent  to  translucent.  Pleochroism  rather  feeble :  |  i  fine  green; 
1  (^  re(Mish  brovirn.  Optiailly  — .  Ax.  pi  I  6.  Bx  sensibly  i  r.  2E  =  •-0*'-40'.  Axial 
angle  17'  to  ZV.  Found  with  perovskite  ancl  other  species  iu  chloritic  schists  near  Achma- 
tovsk,  in  the  southern  Ural. 

CHLORTTOID.     Chloritspath.     Ottrelite.     Phyllite. 

Proba])ly  triclinic.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  outline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
otlier.  Crystals  grouped  in  rosettes.  Usually  coarsely  foliated  massive;  folia 
often  curved  or  bent;  and  brittle;  also  in  thin  scales  or  small  jdates  dissemin- 
ated tlironirh  the  containing  rock. 

rioavage:  basal,  but  loss  perfect  than  with  the  micas;  also  imperfect  parallel 
to  phinos  inclined  to  the  base  nearly  90°  and  to  each  other  about  ♦iO";  h  diffi- 
cnlt.  Laminae  brittle.  II.  =  0*5.  G.  =  3*5*^^-3-57.  Color  dark  gray,  greenish 
pray,  crrecnish  black,  grayish  black,  often  grass-green  in  very  tliiu  plates. 
Streak  tincolored,  or  grayish,  or  very  slightly  greenish.  Luster  of  surface  of 
cluavjiire  somewhat  pearly. 

Pleochroism  strong:  c  yellow  green,  b  indigo-blue,  a  olive-green.  Optically 
+.  Ax.  pi.  nearly  Q  h.  Bx^  inclined  about  12°  or  more  to  the  normal  to  c  (001). 
Dispersion  p  >  v,  large,  also  horizontal.  Axial  angles  large;  in  air  100°  to 
118  .     Birefringence  low,  y  —  a  =  0-0\b. 

Comp. — For  chloritoid  II,(Fe.\r<r)ALSiO,.     If  iron  alone  is  present,  this 
requires:  Silica  23-8,  alumina  405,  iron  protoxide  28*5,  water  7'2  =  100. 
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DiA — ^Reco^ized  by  the  crystal  outlines  and  generml  micaceous  appeanuice;  high  relief^ 
green  colors;  distinct  cleavage;  frequent  i winning;  strong  pbleochroism  and  low  interfer- 
ence-colurs.  By  tlie  last  cbaracter  readily  distiuguisbed  from  tbe  micas;  also  by  the  bi^h 
relief  and  extinction  oblique  to  tbe  cleavage  from  tbe  cblorites. 

Ob«. — Cbloritoid  (ottrelite,  etc.)  are  characteristic  of  sedimentary  rocks  which  have  suf- 
fered dynamic  metamorpbism,  especially  in  tbe  earlier  stages;  thus  found  in  argillites,  con- 
glomerates, etc.,  which  have  assumed  tbe  schistose  condition.  With  more  advanced  degree 
of  metamorpbism  it  disappears.  Often  grouped  in  fan-sbaped,  sbeaf-like  forms,  also  in 
irregular  or  rounded  grains. 

Tbe  original  eJiloritoid  from  Kosoibrod,  near  Eknterinburg  in  tbe  Ural,  is  in  lurge  curv> 
ine  laminae  or  plates,  grayish  to  blackisb  green  in  color,  often  spotted  witb  yellow  from 
mixture  with  limonite.  Other  localities  are  He  le  Groix  (Morbibun);  embedded  in  Urge 
crystals  at  Vanlup,  Shetland;  Ardennes  in  schists  with  ottrelite;  also  from  Upper  Michignu; 
Leeds,  Canad^i,  etc. 

SUmondine  (Hi«Fe7A1i«Si«Oft4)  is  from  St.  Marcel;  it  occurs  also  with  glaucophane  at 
Zermutt  in  tbe  Valais,  Switzerland,  and  elsewbere. 

Salmite  is  a  manganesian  variety  occurring  in  irregular  masses,  baving  a  coarse  saccha- 
roidal  structure  and  grayisb  color.     Q.  =  388.     From  Vielsalm,  Belgium. 

MaaoniU,  from  Natic,  R.  I.,  is  in  very  broad  plates  of  a  dark  grayisb-green  color,  but 
bluish  green  in  very  thiu  lamins  parallel  to  c,  and  grayisb  green  at  rigbt  angles  to  this; 
occurs  in  argillaceous  scbist. 

OtireliU  is  generally  classed  witb  cbloritoid,  though  it  is  not  certain  tbat  they  are  ideo- 
tical;  it  seems  to  bave  tbe  composition  Hs(Pe,Mn)AUSisO».  It  occurs  in  small,  oblong, 
sbining  scales  or  plates,  more  or  less  bexagonal  in  form  and  gray  to  black  in  color;  in  argil- 
laceous scbist  near  Ottrez,  on  tbe  borders  of  Luxembourg,  and  from  tbe  Ardennes:  also  near 
Serravezza,  Tuscany;  Tintagel  in  Cornwall.  VencuquiU  is  from  Venasque  in  tbe  Pyrenees^ 
and  from  Teul§,  Fin  latere.    PhylliU  is  from  the  scbists  of  New  England. 


3.  Chlorite  Group.     Monoclinic. 

Tbe  Chlorite  Group  takes  its  name  from  the  fact  that  a  large  part  of  the 
minerals  included  in  it  are  characterized  by  the  green  color  common  with  sili- 
cates in  which  ferrous  iron  is  prominent.  The  species  are  in  many  respects 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  but 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try, with  corresponding  uniaxial  optical  character.  The  plane  angles  of  the 
base  are  also  60  or  120'',  marking  the  mutual  inclinations  of  the  chief  zones 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallized 
forms,  but  tbe  laminae  are  tough  and  comparatively  inelastic.  Perenssion- 
and  pressure -figures  may  be  obtained  as  with  the  micas  and  have  the  same  ori- 
entation. The  etching-figures  are  in  general  monoclinic  in  symmetry,  in  part 
also  asymmetric,  suggesting  a  reference  to  the  triclinic  system. 

Chemically  considered  the  cblorites  are  silicates  of  aluminium  with  ferrous 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  mav  lie 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similarly 
in  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  common 
green  color.  Manganese  replaces  the  ferrous  iron  in  a  few  cases.  Calcium 
and  alkalies — characteristic  of  all  tbe  true  micas — are  conspicuously  absent,  or 
present  only  in  small  amount. 

The  only  distinctly  crystallized  species  of  the  Chlorite  Group  are  CHnochlore 
and  Penninite.  These  seem  to  bave  tbe  same  composition,  but  while  the 
former  is  monoclinic  in  form  and  habit,  tbe  latter  is  pseudo-rhombobedral  and 
usually  uniaxij\l.  Procblorite  (including  some  ripidolite)  and  Gornndophilite 
also  occur  in  distinct  cleavage  masses. 

Besides  tbe  species  named  there  are  other  kinds  less  distinct  in  form,  occur- 
ring in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more  or  less 
undetermined  composition,  but  in  many  cases,  because  of  their  extensive  occur- 
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rence,  of  considerable  geological  importance.  These  latter  forms  occur  as 
secondary  minerals  resulting  from  the  alteration  especially  of  ferro-magnesian 
silicates,  such  as  biotite,  pyroxene,  amphibole;  also  garnet,  yesuvianite,  etc. 
They  are  often  accompanied  by  other  secondary  minerals,  as  serpentine,  limon- 
ite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic  rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  thin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
spherulites;  by  their  greenish  color;  pleochroisni ;  extinction  parallel  to  the 
cleavage  (unlike  chloritoid  and  ottrelite);  low  relief  and  extremely  low  inter- 
ference-colors, which  frequently  exhibit  the  "  ultra-blue/*  By  this  latter  char- 
acter they  are  readily  distinguished  from  the  micas,  which  they  strongly 
resemble  and  with  which  they  are  frequently  associated. 


OUNOOHIiORZS.     Ripidolite  pi. 

Monoclinic.    Axes :  a  \hi  6- 

908. 


0-57736  :  1  :  2  2772;  p  =  89*^  40', 
909.  910. 


^ 


Pfilsch. 


Schwarzenstein. 


Znierthal. 


Aebmntovsk. 


Crystals  usually  hexagonal  in  form,  often  tabular  [  c.  Plane  angles  of  the 
basal  section  =  60°  or  120°,  and  since  closely  similar  angles  are  found  in  the 
zones  which  are  separated  by  60°,  the  symmetry  approxi-  ^ll« 

mates  to  that  of  the  rhombohedral  system. 

Twins:  (1)  Mica  law,  tw.  pi.  J_<?in  the  zone  cm^\ 
sometimes  contact-twins  with  c  as  comp.-face,  the  one  part 
revolved  OO"*  or  a  multiple  of  60°  in  azimuth  with  refer- 
ence to  the  other;  also  in  threefold  twins.  (2)  Pennin" 
tie  law,  tw.  pi.  c,  con  tact- twins  also  united  by  c  (Fi^.  910); 
here  correspond  in  sf  faces  differ  180°  in  position.  Massive, 
coarse  scaly  granular  to  fine  granular  and  earthy. 

Cleavage:  c  highly  perfect.  Laminae  flexible  tough,  and 
but  slightly  elastic.  Percussion-figure  'and  pressure- 
figures  orientated  as  with  the  micas  (p.  464).  H.  =  2-2'5.  G.  =  2-65-2-78. 
Luster  of  cleavage-face  some  what  pearly.  Color  deep  grass-green 
to  olive-green;  pale  green  to  yellowish  and  white;  also  rose-red. 
Streak  greenish  white  to  uncolored.  Transparent  to  translucent.  Pleo- 
ehroism  not  strong,  for  green  varieties  usually  a  green,  c  yellow. . 
Optically  usually  +.  Ax.  pi.  in  most  cases  ||  h.  Bx^  inclined  some- 
what to  the  normal  to  r.  forward  ;  for  Achmatovsk  2°  30'.  Dispersion 
p  <  V,  Axial  angles  variable,  even  in  the  same  crystal,  2E  =  20°-90°;  some- 
times sensibly  uniaxial.     Birefringence  low.     /3  =  1*588;  y  —  a  =  O'OW. 

Var. — 1.  Ordinary;  crreen  rlinorhlore.  passine  into  bluish  fjreen;  (a)  \n  crystals,  as 
desrrihed,  usually  with  distinct  monoclinic  symmetry;  (h)  foliated;  le)  massive. 

TjeiirhtenbergHe.  Contains  usnnlly  little  or  no  iron.  Color  white,  pale  green,  yellowish; 
often  resembles  talc.     From  near  Zlatoust  in  «he  Ural. 

Kottchvbeite.  Contains  several  p<»r  rent  of  chromium  oxide.  Crystals  rhombohedral  ia 
iiabit.     Color  rose-red.     From  the  ao'Uherii  Ural. 


474 


DESCEIFTiyE  MINEBALOGT. 


ManganiferouM.  Mangau chlorite.  A  chlorite  from  the  Harstig  mine  near  Pajsbeig; 
Swedeu.  is  peculiur  iu  coutaiuing  2*8  p.  c.  MnO. 

Comp.— Normally  H,Mg,Al,Si,0„  =  4H,0.5MgO.Al,0,.3SiO,  =  Silica  32  5, 
alamina  18*4,  magnesia  36*1,  water  13'0  =  100.  Ferrous  iron  usnally  replaces 
a  small  part  of  the  magnesia,  and  the  same  is  true  of  manganese  rarely;  some- 
times chromium  replaces  the  aluminium. 

Pyr  .  etc. — Yields  water.  B.B.  in  the  platinum  forceps  whitens  and  fuses  with 
dilfaculiy  ou  lue  edges  to  a  grayish-black  glass.  With  borax,  a  clear  glass  colored  by  iron. 
and  sometimes  chromium.     In  sulphuric  acid  wholly  decomposed. 

Ob«. — Occurs  in  connection  with  chloritic  and  talcose  rocks  or  schists  and  serpentine; 
sonieiiuies  iu  parallel  position  with  biotite  or  phlogopiie.  Prominent  localities  are:  Ach- 
mutovsk  in  the  Ural;  Alain  Piedmont;  the  Zillerthal;  Zermatt,  Switzerland;  Marienberg, 
'Saxon}':  ZOptau,  Moravia.     A  mangnnesian  variety  occurs  at  Pnjslierg.  Sweden. 

In  the  U.  Slates,  at  Westchester,  Penn..  in  large  crystals  and  plates;  also  Union  ville  and 
Texas,  Penn.;  at  the  magnetic  iron  mine  at  Brewster,  N.  Y.,  iu  part  changed  to  serpentine. 


PENNINTTE.     Pennine. 

Apparently  rhombohedral  in  form  but  strictly  pseudo-rhombohedral  and 
monoclinic. 

Habit  rhombohedral:  sometimes  thick   tabular  with  c  prominent,  again 

steep  rhombohedral;   also  in   tapering 


912. 


913. 


Texas. 


Zermatt. 


six-sided  pyramids.  Rhombonedral 
faces  often  liorizon tally  striated.  Crys- 
tals often  in  crested  groups.  Also 
massive,  consisting  of  an  aggregation 
of  scales;  also  compact  cryptocrystal- 
linc. 

Cleavage :  c  highly  perfect.  LaminsB 
flexible.  Percussion-figure  and  press- 
ure-figure as  with  clinochlore  but  less 
easy  to  obtain;  not  elastic.  H.  =  2-2-5.  G.  =  2-6-2*85.  Luster  of  cleavage- 
surface  pearly;  of  lateral  plates  vitreous,  and  sometimes  brilliant.  Color  emer- 
ald- to  olive-green;  also  violet,  pink,  rose-red,  grayish  red:  occasionally  yellow- 
ish  and  silver-white.  Transparent  to  subtranslucent.  Pleochroism  distinct: 
usually  II  c  green ;  ±(:  yellow.  Optically  -f,  also  — ,  and  sometimes  both  in  adja- 
cent laminae  of  the  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes  dis- 
tinctly biaxial  (occasionally  2E  =  61°)  and  both  in  the  same  section.  Some- 
times a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36°,  the  latter 
probably  to  be  referred  to  clinochl6re.     Indices  1*576  and  1*579  L6vy-Lcx. 

Var.— 1.  Penninite,  as  first  named,  included  a  green  cryslaUized  chlorite  from  the 
Peniiinine  Alps. 

Kdmmeret'iie.  In  hexagonal  forms  bounded  by  steep  six-sided  pyramids.  Color 
kermes-red;  peach -blossom -red.  Pleochroism  distinct.  Optically  -  from  L.  Itkul,  Biscrsk, 
Perm.  Russia;  -f  Texas,  Pa.  Uniaxial  or  biaxial  with  axial  angle  up  to  20'.  Rhodo- 
•  phyllite  from  Texas.  Pa.,  and  rhodoclirome  from  L.  Itkul  belong  here. 

Pseudophite  is  compact  massive,  without  cleavage,  and  resembles  serpentine. 

Comp. — Essentially  the  same  as  clinochlore,  H,(Mg,Fe).Al,Si,0„. 

Pyr.,  etc.— In  the  closed  tube  yields  water.  B.B.  exfoliutes  somewhat  and  is  difficultly 
fusible.  With  the  fluxes  all  varieties  give  reactions  for  iron,  and  many  varieties  react  for 
chromium.     Partially  decomposed  by  hydrocMorir  and  completely  by  sulphuric  acid. 

Obs. — Occurs  with  serpentine  in  the  region  of  Zermatt.  Valais,  near  Mt.  Rosa,  e.'^pecinlly 
in  the  moraines  of  the  Findelen  glacier:  crystals  from  Zermntt  are  sometimes  2  in.  long  ami 
U  in.  thick;  also  at  the  foot  of  the  Simplon;  at  Aln.  Piedmont,  with  clinochlore;  at 
Schwnrzenstein  in  Tyrol;  at  Tabercr  in  Wermlnnd:  at  Snarum.  L^eenish  and  fMliated. 

KammereriU  is  found  at  the  localities  already  mentioned;  also  near  Minsk  in  the  Ural: 
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at  H.'iroldswiok  in  Uo«t.  Sbetlnnd  Isles.  In  large  crystfHs  enclosed  in  the  talc  in  creyices  of 
tlie  chroiniie  troui  Kruubat,  Styria.  Abuuduut  at  Texas,  Lauciisier  Co.,  Pa.,  along  with 
cliiioc'lilore,  some  crystals  being  embedded  in  clinochlore,  or  the  reverse.  Also  in  N.  Caro- 
lina, with  cbromile  at  Cnlsagee,  Macon  Co  ;  Webster,  Jackson  Co.;  and  other  points. 

PROCHLORITE.     liipidolite  pt. 

Monodinic.  In  six-sided  tables  or  prisms,  the  side  planes  strongly  farrowed 
and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent  groups, 
fan-sliuped,  vermicular,  or  spheroidal.  Also  in  large  folia.  Massive,  foliated, 
or  gTaniilar. 

H.  =  1-2.  G.  =  2-78-2  96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  grass- 
green,  olive-gi*een,  blackish  green;  across  the  axis  by  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  LaminsB  dexible,  not  elastic. 
Pleochroism  distinct.  Optically  +  in  most  cases.  Bx  inclined  to  the  normal 
to  c.  some  2°.  Axial  angle  small,  often  nearly  uniaxial;  again  2E  =  23° — 30°. 
Dispersion  p  <  v, 

Comp. — Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usually, 
btit  not  always,  in  large  amount.     Analysis  by  Egger: 

SiO,         A1,0«         Fe,0,  FeO  MgO         CaO         H,0 

Zillerlbal  26  02  20*16  I'O?  2808         16*50  044         9  65  =  100*93 

Obs.— Like  other  chlorites  in  modes  of  occurrence.  Sometimes  in  implanted  crystals, 
ns  at  St.  Gothard,  envelopiug  often  adularia,  etc.;  Mt.  Greiner  in  tbe  Zillertlial,  Tyrol; 
Rauris  in  Salzburj!:;  Tniversella  in  Piedmont;  at  Mtn.  Sept  Lacs  and  St.  Cristophe  in 
Duuphiue;  in  Siyrm.  Bohemia.  Also  massive  in  Cornwall,  iu  tin  veins;  nt  Arendal  in 
Norway;  Sulberg  and  Dannemora.  Sweden;  Dogtiacska,  Hungary.  Occa.«*ionally  formed 
from  uinpbibole.  In  Scotland  at  various  points.  In  tbe  U.  States,  near  Washington;  on 
Ca<ftle  Mt..  Butesville,  Va.,  a  massive  form  resembling  soapstotie,  color  grayish  green,  feel 
irreasy:  Steele's  mine,  Montgomery  Co.,  N.  C. ;  also  with  corundum  at  the  Culsagee  mine, 
in  broad  plates  of  a  dark  green  color  and  Due  scaly;  it  differs  from  ordinary  prochlorite  in 
tbe  small  amount  of  ferrous  iron. 

Corundophilite.  A  chlorite  occurring  iu  deep  green  laminse  resembling  clinochlore  but 
more  brill le.  contains  but  24  p.  c.  SiO,.     Occurs  with  corundum  at  Chester,  Mass. 

Amebite.  H4(Mg.Fe)sAlsSiO0.  Silica  21*4  p.  c.  In  hexagonal  plates,  foliated,  resem- 
blinir  ibf  green  talc  from  the  Tyrol.     H.=  2  5-3.     G.  =  2*71.     Color  apple-green.     Luster 

Seat  ly  on  cleavage  face.     Optically  -f ,  sensibly  uniaxial.    Occurs  with  diaspore  at  Chester, 
lass. 

Otheu  Chlokites.  Besides  the  chlorites  already  described  which  occur  usually  in 
disliuci  crystals  or  plates,  there  are.  as  noted  on  p.  472,  fonns  varying  from  fine  scaly  to 
tibrous  and  earthy,  which  as  already  noted  are  prominent  in  rocks.  In  some  cases  they 
may  bi'lonir  to  the  species  before  described,  but  frequently  the  want  of  sufilcient  pure 
material  has  left  their  composition  in  doubt.  These  chlorites  are  commonly  characterized 
by  ibeir  irrt-en  color,  distinct  pleocliroism  and  low  birefringence  (p.  478). 

Tbe  followinjj  are  names  which  have  l)een  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  apIirosideriU,  diabaniiU,  delesiiU,  epichlorite,  euralite, 
chLorophctite,  hullite. 

Tbe  foUuwiui,'  are  other  related  miuenils. 

Cronstedite.  4FeO.2FeaOa.3SiOa.4HaO.  Occurs  tapering  in  hexagonal  pyramids;  also 
in  diverging  irroups;  amorphous.  Cleavage:  basal,  highly  perfect.  Thin  laminae  elastic. 
G.  =  H  84-;^  35.  Color  coal  black  to  brownish  black;  by  transmitted  light  in  thin  scales 
emerald-green.     Streak  dark  olive-green.     From  Pfibram  in  Bohemia;  also  in  Cornwall. 

Thuringite.  8Fe0.4(Al,Fe)aOs.6SiOa.9HaO.  Massive;  an  aggregation  of  minute 
pearly  scales.  Color  olive-green  to  pistachio-green.  From  near  Saalfeld,  ib  Tburingia; 
Hot  Springs.  Arkansas,  etc. ;  from  the  metamorphic  rocks  on  the  Potomac,  near  Harper's 
Ferry  {otoeniU), 
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Chamobitb.  Contains  iron  (FeO)  with  but  little  MgO.  Occurs  compact  or  oOIitie 
with  H.  about  8;  G.  =  3-8*4;  color  greenish  gray  to  blaclc.  From  Chumoeon,  ueur  St. 
Maurice,  iu  the  ValaiB. 

Stilpnomelane.  An  iron  silicate.  In  foliated  plates:  also  fibrous,  or  as  a  velvety  ouat^ 
ing.  G.  =:  2*77-2*96.  Color  black,  greenish  blnck.  Occurs  at  Obergrund  aud  elsewhere 
in  Silesia;  also  iu  Moravia;  near  Weilburg.  Nassau.  ChaUodite,  from  the  Sterling  Iron 
mine,  iu  Antwerp,  Jefferson  Co.,  N.  Y.,  ciiatiug  hematite  and  calcite.  is  the  same  mineral 
ib  velvety  ciiating  of  mica-like  scales  with  a  bronze  color. 

Btrigovite.     H4Fes( Al ,Fe)tSi«0.    In   aggregations  of   minute  crystals.     Color   dark 

green.     Occurs  as  a  fine  coatiug  oyer  the  minerals  in  cavities  in  the  granite  of  Sti'iegau  in 
ilesia. 

Rumpfite.  HttMgf  Ali«Sii«Oe».  Massive;  granular,  consisting  of  very  fine  scmles. 
Color  greenish  while.    Occurs  with  talc  near  St.  Michael  iu  Upper  Styria. 

APPENDIX  TO  THE  MICA  DIVISION.— VERMICULITES. 

The  Vbrmiculitk  Group  includes  n  number  of  micaceous  minerals,  all  hydrated  sili- 
cates, in  part  closely  related  to  the  chlorites,  but  varying  somewhat  widely  in  composi- 
tion. They  are  nlterai ion-products  chiefly  of  the  micas,  biotite,  phlogopite,  etc.,  and  retain 
more  or  less  perfectly  the  micaceous  cleavage,  and  often  show  the  negative  optical  character 
and  small  axial  angfe  of  the  original  species.  Many  of  tliem  are  of  a  more  or  less  indefinite 
chemical  nature,  and  the  composition  varies  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  laminae  iu  general  are  soft,  pliable,  and  inelastic;  the  luster  pearly  or  bronze-like» 
and  the  color  varies  from  white  to  vellow  and  brown.  Heated  to  100**-]  10**  or  dried  oyer 
sulphuric  acid  most  of  the  vermiculites  lose  considerable  water,  up  to  10  p.  c,  which  is 
probably  hygroscopic;  at  ^00**  another  portion  is  often  given  off;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loss  of  water  uix)n  ignition  is  the 
common  physical  character  of  exfoliation:  some  of  the  kinds  especially  show  this  to  a 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threads. 
This  character  has  giyen  the  name  to  the  group,  from  the  Latin  vermieulari,  to  breed  toorms. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  can 
be  given  here:  Jefflerieite,  'termieuliU,  cuUageeite,  kerrite,  lenniliie,  hallUe,  phUadelphiU, 
vaaltU,  maconite,  diuUeyite,  pyroederite. . 


III.  Serpentine  and  Talc  Division. 

The  leading  species  belonging  here.  Serpentine  and  Talc,  are  closely  related 
to  the  Chlorite  Group  of  the  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesiam  silicates,  in  part  amorphous,  are  included  with  them. 

8ERPENTINB. 

Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  often  easily 
separable,  and  either  flexible  or  brittle.  Usually  massive,  but  microscopically 
finely  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptocrystallino; 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic; 
amorphous. 

Cleavage  ^  ^010),  sometimes  distinct;  also  prismatic  (50**)  in  chrysotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasy. 
H.  =  25-4,  rarely  5*5.  6.  =  2'50-2'65;  some  fibrous  varieties  2'2-2'3;  retinal- 
ite,  2'36-2-55.  Luster  subresinous  to  greasy,  pearly,  earthy;  resin-like,  or 
wax-like;  usually  feeble.  Color  leek-green,  blackish  green;  oil- and  siskin- 
green;  brownish  red,  brownish  yellow;  none  bright;  sometimes  nearly  white. 
On  exposure,  often  becoming  yellowish  gray.  Streak  white,  slightly  shining. 
Translucent  to  opaque. 
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Pleochroism  feeble.  Optically  — ,  perhaps  also  +  in  chrysotile.  Double 
refractioD  weak.  Ax.  pi.  |  a  (.100).  Bx  (a)  X  ^  (010)  the  cleavage  surface;  c  j 
elongation  of  fibers.  Biaxial,  angle  variable,  often  large;  'i\  =  30°  to  90°. 
Indices : 

AntigoriU    tt  =  1-560   /(  =  1  670    r  =  l'5'l    r  -  a  =  0011  lAty-Lci. 
Tar. — Many  DDiiutaliUKi  Bpecica  bave  beeo  made  out  of  serpcDline,  dtDeriug  Id  struc- 
ture (mauive,  slaty,  foliated,  fibrous),  or.  as  supposed,  in  chemical  composltlou.  and  tliese 
now,  iu  part,  ataod  as  TBrieties.  along  witL  some  others  bused  od  variallous  iu  leiture.  etc 

A.  In  Ckibtals — Pbbudomukpub.  Tbe  most  common  have  tlie  form  of  cbryaolite. 
Other  binds  are  i>>eudomorpLs  after  pyroieae,  amphibole,  ipiDei,  chondrodite,  garnet, 
pblogopite,  etc.  BiutiU  or  tkhiltfr  Spar  to  enslatlte  (b^perttbeoe)  altered  more  or  lets 
complettly  to  serpemlne.     See  p.  88A. 

B.  Mabsivk.  1.  Ordinary  mount,  {a)  Prteioui  or  IMlt  SerpttMne  Is  of  a  ricb  oil- 
greeu  color,  of  pale  or  dark  Bbades,  aud  translucent  even  when  in  thick  pieces.  (6) 
Common  Strptnliat  is  of  dark  shades  of  color,  and  subtraoaluceot.  The  former  haa  a 
harduess  of  3'5-8;  the  latter  oFlen  of  4  or  beyond,  owlog  to  impuritiea. 

BainouM.     RMnattU.     Hanive,  honey-yellow    to    iTgbt    oiVgreen,  waxy  or  resln-lIke 

Bowtnile  (Nephrite  BMVon).  Maaive,  of  very  fine  granulsr  texture,  and  much  resembles 
nephrite,  and  was  long  to  called.  It  to  apple-green  or  greenish  white  In  color;  Q.  =  2'5M- 
2-7BT,  Bowen:  and  it  has  the  unusual  bardueai  S'6-6.  From  Smithfield,  R.  I.:  slio  a  sim- 
ilar kind  from  New  Zealand. 

C.  Laubllak.  AntigoriU,  thin  lamellar  in  structure,  separating  Into  tniDslucent  folia; 
H.  =  3-3;  O  =  3'623:  color  browntoh  green  by  reflected  Ilgbti  feel  smooth,  but  not  greasy. 
Prom  Antigorio  valley,  PiedmonL 

D.  Thin  Fouatbd.  Marm^iu,  (bin  foliated:  the  lamius  brittle  but  separable.  6,  = 
2'41',  color?  greenish  white,  bluish  while  to  pale  aspiiragua-green.     From  Hobuken,  N.  J. 

£.  FiBRoue.  ChrytotUe.  Delicately  fibrous,  tbe  fibers  ii«ually  flexible  and  enslly 
separating:  luster  allby.  or  silky  metallic;  color  greenish  while,  green,  oilve-green,  yellow 
and  brownisb:  G.  =  3-919.  Often  constitutes  seams  In  serpemine.  It  includes  most  of  the 
ailky  oniKinlAuj  of  serpentine  rocks  and  much  of  what  is  popularly  called  aAettut 
<asbcstog).    Cf.  p.  401. 

IScrolite.  columnar,  but  fibers  or  columns  not  easily  flexible,  and  often  not  easily  sepa- 
rable, ur  nftordiug  only  a  sptiotery  fracture;  color  daik  green  to  moun lain- green,  ^«T, 
brown      The  ori^oal  was  from  Taberg,  Sweden.     BalUmoriU  is  plcrolite  from  Bare  Hills, 

F.  SRRPENTinB  Rocks.  Serpentine  ofleu  couslitutes  rock-mssses.  It  frequently 
occurs  mixed  with  more  or  less  of  dolomite,  maguesite,  or  calcite,  making  a  rock  of  clouded 

geeti.  somellmea  veined  with  white  or  pale  grran.  called  ver^  antique.  ophMitt.  oreptftaJeAs. 
rpentiue  rock  is  soinelimea  mottled  with  red,  or  has  something  of  the  aspect  of  a  red 
purphyry:  the  reddish  portions  containing  an  unusual  amount  of  oxide  of  iron.  Any  ser- 
peniiiie  rock  cut  Into  slabs  and  polished  to  called  lerptntine  marble. 

Microscopic  examination  has  estat)1ifihed  the  fact  that  sei  peutlne  in  rock-mariei  has  been 
largely  produced  by  the  alteration  of  cbrvaolite,  and  many  apparently  homogeneous  ser- 
pentines show  more  or  less  of  this  origimil  miueral.  In  other  cases  It  has  resulted  from  tbe 
ulteratloQ  of  pyroxene  or  amphibole.      Sections  of  Uie  91^ 

serpentine  derived  from  chrysolite  often  Rhow  a  pecu- 
liar structure,  like  the  meshes  of  a  net  (Fig.  914);  the 
tines  markpii  by  gntins  of  magnetite  also  follow  ibe 
origtuni  cracks  nnd  cleavage  directions  of  the  chrysolite 
(Fig.  91.1,  n^.  The  serpentine  front  amphibole  and  pyrox- 
ene commonly  shows  an  analogous  structure;  the  Iron 
part'rdes  followinc  the  former  cleavage  lines  Hence  the 
nature  of  the  original  mineral  can  often  be  inferred. 
Cf.  Fijr.  81.'i,  a,  b.  c  iPirs-ou). 

Conp. — A  magnestnm  silicate,  H,Mg,Si,0,  or 
3Mg0.aSiO,.2H,0  =  Silica  44-1,  magnesia  43-0, 

vater  13'9  =  100.  Iron  protoxide  often  replaces  a  small  part  of  the  maf- 
nesium;  nickel  in  small  amount  is  sometimes  present.  The  water  is  chiefly 
«zpelled  at  a  red  heat. 

Pjx.,  etc.— Id  the  closed  tube  yields  water.    B.B.  fusee  on  the  edges  with  difficult;. 
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?.  =  6.    Olvea  usuftlly  an  {ran  reactioD.    Decomposed  bj  bjdrocbloric  uid   lulpbarie 

acids.     Fmm  cbrysutlie  tlie  sElica  U  left  in  fine  libera. 

Dif[. — CbHrncieriied   by  suflncsn.   Hbsenue  of  cleavage  and  feeble  waxy  or  oily  liuter; 

»w  apeciflc  grnvUv;  by  y"^'-" ■- "  " 

.Ueaijily  recognized  iu 
tod  aggregate  polurizatioi 


Berpeiitiuu  derived  from  cbryaulile;  b,  from  ampbibole;  e,  from  pyroxene. 


Interference,  colors  are  uol  very  low,  but  Ibe  coufiised  aggregates  may  sliow  tbe  "  ultr» 
blue"  or  even  be  isotropic.  Tbe  coustimt  aMOchition  ivltli  oilier  ma goesia  bearing 
mineraU  like  cbrysolile,  pymiene,  horn  blende,  etc.  Is  also  charaeterislic.  Tbe  presence 
of  linea  ot  iron  tiarticles  as  noted  above  iFli:.  915)  is  characitTislia 

Oba. — Str|>eiiliDe  is  always  a  secoDdiiry  mineral  reaiilting.  lis  noled  alxive,  from  the 
alteiatlun  of  silicates  coDtHining  miigutsiii.  pariiiiilarly  cbiysome,  ampbibole  or  pyroxene. 
Il  frequently  forms  liirge  rock- masses,  then  being  derived  fnini  tbe  atieraiion  of  peridoiites. 
duDllex  and  other  basic  rocks  of  ieneous  origin;  also  of  nmphiboliies,  or  pyroxene  and 
chrysolite  rocks  of  meditnorpliic  origin.  Id  the  first  case  it  is  usually  accompanied  by 
spinel,  garnet,  chmmite  and  somellmes  nickel  ores;  In  the  second  ciise  by  various 
carbonuies  sucb  as  do'otniie,  miigm-site,  lireuDiieHtc,  etc. 

Crystals  of  serjieiitine.  [raeNdonviiphons  afii'r  montieellile.  occur  in  the  Faosatbal, 
Tyrol;  near  3[iask  at  Luke  Anshkul.  Biirsovka,  Ekaterinliiirg.  niid  elsowliere:  In  Norway, 
at  S'lirnm;  etc.  Fine  precious  serpentines  coine  from  Falun  iind  GiilsjO  in  Sweileti.  tbe 
Isle  of  Miin,  tbe  neighborbooil  ot  I'orlsoy  in  AlierdeensUire,  tUn  Llziird  in  Cornwall,  Oor- 
sica,  SDierin,  Sa.tony.  titc. 

In  N.  America,  in  Sf'tine,  at  Di«r  Isle,  precious  seipenline.  In  Vfrmont.  ni  New  f^lDe, 
Roibiiry,  etc.  In  3fau  ,  Que  at  New  bury  pint.  In  H.  ItUtiid,  at  Newport;  bouieiiite  at 
SniitbHuid.  In  Coitii.,  near  New  Haven  and  Milford.  at  ibe  verd-antique  quarries. 
In  if.  York,  lit  Port  Henry,  E.'«ex  Co.;  at  Antwerp.  Ji'llrrson  Co..  In  crystals;  in  Ooiiver- 
ueiir,  St.  Lawrence  Co  ,  tn  crystals:  in  Cornwall  Monroe,  nnil  Warwick.  Orani^e  Co.. 
somellmes  in  lai^e  crystals  at  Warwick;  and  from  Rii-hmond  to  New  Brighton.  Richmond 
Co.  In  If.  Jertey,  at  Hoboken.  with  bniciie.  miigne»ite.  etc.;  nl  Montville,  Morris  Co., 
chrvsotilc  and  relinallte.  wilb  common  serpentine,  produretl  l>y  the  allcralion  of  pyroxene. 
In  Venn..  nia»>ive.  bbroiis.  and  f.ilinted.  at  'IVxhs.  Liin(n.'>ter  Co.:  nt  West  Cliester.  Chester 
Co..  mliianuiU;  nl  Mineral  lllll,  Newtown.  Marplo.  and  Mlddletown,  Delaware  Co.  In 
Jfaryliiitd.nl  Baio  HilU:  at  Cooplown,  Harford  Co,  wiih  diallage.  In  Ual^ornia,  at 
virions  points  it)  tbe  ('oiisi  ItiiDEe. 

In  Otaada.  abundant  iimnng  the  metnimirplilc  rocks, of  the  RiHlem  Town.tlilp^  and 
Oaspe  itcDiusiiln,  l^iiebec:  at  Thi'tford.  Colera'ne,  Broiighton.  Orford,  S  Ham.  Boltou, 
Shiplon.  Mellmurne,  etc.  The  lilinnis  variety  chrywitilc  (asl>esluN.  bnstonlte)  of  en  forms 
seams  several  inches  in  thickness  in  <be  massive  niJnenil,  aud  is  now  extensively  mined  for 
technical  purposes.     MossiveLiurentlanserpentine  hIko occurs  in  Grenville.  Argeiitenll  Co.. 

giiehec,  and  North  Burgess,  Lanurk  Co..  Ontario.  In  N.  Bniiittdck,  at  Crow's  Nest  In 
urthind. 
Tbo  names  Strpentii'.  Opiiilr.  Txi-pii  eohihrinvii  allude  to  the  green  scr)>cnl  like 
cloudings  of  tbe  serpentine  marble.  Helinalilr  is  from  'iieriri}.  retin;  Fifrolilf..  fmm 
KiKii'i'.  bitter,  in  altii-iiim  to  the  miigiivsin  lor  Bitiererdei  pn-sent;  Tkfrmopkytlile.  fiom 
eeoii'/.  'if'il.  and  ■?r,U.>i-,  /«.(/,  on  nccount  of  Ibe  exfoliation  when  lieated;  CkrytotiU, 
from  xii"f^'-^.  golden,  and  rA'i!,  JI6rou«;  Met'iriu,  from  /if'r-a^tt,  iHk;  MarmoHl*.  from 
napiuiiiiia,  to  thine,  in  allusion  to  lis  pcculLir  luster. 
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Deweylite.  A  mamesian  silicate  ocar  serpentine  but  "with  more  water.  Formula. 
perhaps  4MgO  S^iOs.tfHsO.  Amorpiious,  resembling  gum  arabic,  or  a  resin.  H.  =  2- 
85.  G.  =  *^'0-2  2  Color  whitish,  yellowish,  reddish,  brownish.  Occurs  with  serpentine 
iu  the  Fleimsihul.  Tyrol:  also  at,  Texas,  Peiiu.,  and  the  Bare  HiliS,  Md.  QymnUe  of 
Thomson,  numei  from  yvuvoi,  naked,  iu  allusion  to  the  locality  at  Bare  Hills,  Md.,  is  the 
same  species. 

Genthite.  Nickel  Oymnite.  A  gymnite  with  part  of  the  magnesium  replaced  by 
nickel,  2NiO.2MgO.8SiO9.6HsO.  Amorphous,  with  a  delicate  stalaciiiic  surface,  incrust* 
iug.  H.  =  3-4;  sometimes  very  soft.  G.  =  2*409.  Luster  resinous.  Color  |  ale  apple- 
green,  or  yellowish.     From  Texas,  Lancaster  Co.,  Ph.,  in  thin  crusts  on  chromite. 

Oamierite.  Noumeite.  An  important  ore  of  nickel,  consisting  essentially  of  a  h^drated 
silicate  of  ma^uesiuin  and  nickel,  perhaps  Hs(Ni,Mg)Si04  +  <^4>  but  very  variable  m  com- 
position, particularly  as  regards  the  nickel  and  magnesium;  not  always  homogeneous. 
Amorphous.  Soft  and  friable.  G.  =  2*3-2*8.  Luster  dull.  Color  bright  apple-green, 
pule  green  to  nearly  white.  In  part  unctuous;  sometimes  adheres  to  the  tongue.  Occura 
iu  serpeniine  rock  near  Noumea,  capital  of  New  Caledonia,  associated  with  chromic  iroa 
and  steatite,  where  it  is  extensively  mined.  A  similar  f>re  occurs  at  Riddle  in  Bouglaa 
County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C. 


TALO. 

Orthorhombic  or  monoclinic.  Rarely  in  tabular  crystals,  hexagonal  or 
rhombic  with  prismatic  angle  of  (iO^  Usually  foliated  massive;  sometimes  in 
globular  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  fibrous 
(pseudomorphous) ;  also  compact  or  cry ptocrystal line. 

Cleavage:  basal,  perfect.  Sectile.  Flexible  in  thin  laminae,  but  not  elastic. 
Percussion-figure  a  six-rayed  star,  oriented  as  with  the  micas.  Feel  greasy. 
II.  =  1-1*5.  G.  =  2  7-2 '8.  Luster  pearly  on  cleavage  surface.  Color  apple- 
green  to  white,  or  silvery-white;  also  greenish  gray  and  dark  green;  sometimes 
bright  green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent 
at  right  unfiles  to  this  direction;  brownish  to  blackish  green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties  lighter  than  the  color. 
Subtraiisparent  to  translucent.  Optically  negative.  Ax.  pi.  \a,  Bx  J_  c. 
Axial  angle  small,     y  ^  a  =  0035-0-050. 

Var. — FoUatf'd,  Talc.  Consists  of  folia,  usually  easily  separated,  having  a  greasy  feel,, 
ami  pnsentin^  ordinarily  light  green,  greenish  while,  and  white  colors.     G  =  2*55-2'78. 

M(tMnivt\  Steatite  or  Ofntpgtone  (Speckstein  Oerm.).  a.  Coarse  granular,  grayish  green, 
and  brownish  irrny  in  color;  H.  =  l-2'5.  Potstone  is  ordinary  soapstone,  more  or  lesa 
impure,  h.  Fine  irranulnr  or  cryptocrystalline,  and  soft  enough  to  be  used  as  chalk;  as  the 
French/  chalk,  which  is  milk-white  with  a  pearly  luster,  c.  Indurated  tale.  An  impure 
slaty  talc,  harder  than  ordinary  talc 

Pfiendomorphou*.  a.  Fibrous,  fine  to  coarse,  altered  from  enstntite  and  tremolit^. 
h.  lit'hHxela*  rit^,  having  the  form  of  pyroxene  from  northern  New  York  and  Canada. 

Comp. — An  acid  metasilicateof  magnesium,H,Mg,(SiO,)^or  H,0.3Mg0.4SiO, 
=  Silica  G3-5,  magnesia  317,  water  4*8  =  100.  The  water  goes  off  only  at  & 
red  heat.     Nickel  is  sometimes  present  in  small  amount. 

Pyr.,  etc.— In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water. 
In  the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a 
white  enaniel.  Moistened  with  cobalt  solution,  n.<«sumes  on  iL'nilion  a  pale  red  color.  Not 
decomposed  by  acids.     Rensselaerite  is  decomposed  by  concentrated  sulphuric  acid. 

Diff— Characterized  by  extreme  softness,  soapy  feel;  common  foliated  structure;  pearly 
luster;  it  is  flexible  but  inelastic.     Yields  water  only  on  intense  ignition 

Obs. — Talc  or  steatite  is  n  very  common  mineral,  and  in  the  Intter  form  constitutes 
extensive  beds  in  some  regions.  It  i**  often  associated  with  serpentine,  tnlrose  or  chloritic 
schist,  an(i  dolomite,  and  frequently  contains  crystals  of  dolomite,  breunnerile,  also 
asbestus.  actinolite,  tourmaline,  magnetite. 

Steatite  is  the  material  ol  many  pseudomorphs,  among  which  the  most  common  are 
those  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.    Themagneaian  minerals  are 
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those  which  commoDlj  afford  steatite  by  alteration;  while  those  like  scapoliteand  nephelite, 
which  contain  soda  and  no  magnesia,  most  frequently  yield  pinite-like  pseudomorpha. 
TiMre  are  also  steatitic  pseudomorphs  after  quartz,  dolomite,  topaz,  cbiastolite,  staurolite, 
€yanite,  garnet,  yesuvianite.  chrysolite,  gehlenite.  Talq  in  the  tibrous  form  is  pseudomorph 
After  enstatlte  and  tremolite. 

Apple-green  talc  occurs  at  Mt  Greiner  in  the  Zillerthal,  Tyrol;  in  the  Valais  and  8t. 
Oothard  in  Switzerland;  in  Cornwall,  near  Lizard  Point,  with  serpentine;  the  Shetland 
ishmds. 

In  N.  America,  foliated  talc  occurs  in  Maine,  at  Dexter.  In  Vermont,  at  Bridgewater, 
handsome  green  talc,  with  dolomite;  Newfane.  lu  Maee.,  at  Middlefield,  Wiudsor,  Blan- 
ford,  Andoyer,  and  Chester.  In  B.  Island,  at  Smitbfleld,  delicate  green  and  white  in  a 
•crystalling  limestone.  In  If,  York,  at  Edwards,  St.  Lawrence  Co.,  a  tiue  fibrous  talc 
{a{f€Uite)  associated  with  pink  tremolite;  on  Staten  Island.  In  N.  Jersey,  Sparta.  In  Penn., 
at  Texas.  Nottingham,  Unionville;  in  South  Mountain,  ten  miles  south  of  Carlisle;  at 
Chestnut  Hill,  ou  the  Schuylkill,  talc  and  also  soapstone,  tbe  latter  quarried  extensively. 
In  Maryland,  at  Cooptown.  of  green,  blue,  and  rose  colors.  In  N.  Car.,  at  Wel)ster,  Jack- 
son Co.  In  Canada,  in  the  towusbips  Bolton,  Sutton,  and  Potton,  Quebec,  with  steatite  in 
beds  of  Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Ontario,  an  impure 
grayish  var.  in  Arcbsau  rocks. 

SBPIOUTE.    Meerschaum  Oerm,    L'£cume  de  mer  Fr, 

Compact^  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like;  also 
rarely  fibrous.  H.  =  2-2*6.  G.  =  3.»  Impressible  by  the  nail.  In  dry  masses 
floats  on  water.  Color  grayish  wliite,  white,  or  with  a  faint  yellowish  or 
reddish  tinge,  bluish  green.     Opaque. 

Comp.— H^Mg.Si  0„  or  2H,0.2Mg0.3SiO,  =  Silica  60-8,  magnesia  57-1, 
water  12 '1  =  100.  Some  analyses  show  more  water  (2H,0),  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

P3nr..  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher 
temperature  gives  much  water  and  a  burnt  smell.  B.B.  some  vurieties  blacken,  then  bum 
white,  and  fuse  with  difficulty  on  the  tbin  edges.  With  cobalt  solution  a  pink  color  on 
Ignition.    Decomposed  by  hydrochloric  acid  with  gelatiuizution. 

Obs.— Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the 
plains  of  Eskihi  sher;  at  Hrubschitz  in  Moravia:  in  Morocco,  called  in  French  Pierre  de 
Savon  de  Maroc;  at  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  minernl.  having  tlie  composition  of  sepiolite,  occurs  in  Utah. 

The  word  meerschaum  is  German  for  sea-froth,  »nd  alludes  to  its  lightness  and  color. 
Sepiolite  Glocker  is  from  cr{)nta,  cvtile-Mi,  the  bone  of  which  is  light  and  porous;  and 
being  also  a  production  of  tbe  sea,  "  deinde  spumam  marinam  significiibat/'  sa>s  Glocker. 

Oonnarite.  A  hydrous  nickel  silicate,  perhaps  H4Ni9Si90io.  In  small  fragile  grains. 
<J.  =  2-459-2-619.     Color  yellowish,  green.     From  ROttis,  in  Saxon  Voigtlnnd. 

Spadaite.  Perhaps  6MgO.6SiOt.4H9O.  Massive,  amorphous.  Color  reddish.  From 
Capo  di  Bove,  near  Rome. 


SAPONTTB.     Piotine. 

Massive.  In  nodules,  or  filling  cavities.  Soft,  like  butter  or  cheese,  but 
brittle  on  drying.  G.  =  2'24-2-30.  Luster  greasy.  Color  white,  yellowish, 
grayish  green,  bluish,  reddish.     Does  not  adhere  to  the  tongue. 

Comp. — A  hydrous  silicate  of  magnesium  and  aluminium;  but  the  material 
is  amorphous  and  probably  always  impure,  and  hence  analyses  give  no  uniform 
results.  Contains  SiO,  40-45  p.  c,  Al,0,  6-10  p.  c,  MgO  19-26  p.  c,  H,0  19- 
21  p.  c;  also  Fe,0„  FeO,  etc. 

Pyr.,  etc.— B.B.  gives  cutwater  very  readily  and  hlackens;  thin  splinters  fuse  with 
difficulty  on  the  edge.     Decomposed  by  sulphuric  acid. 

Obs.*— Occurs  in  cavities  in  basalt,  diabase,  etc.  -,  also  with  serpentine.  Thtis  at  Lizard 
Point,  Cornwall,  in  veins  in  serpentine;  at  various  localities  in  Scotland,  etc. 
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SapoDite  is  from  Mpo,  9oap;  and  piotiae  from  niorrf^,  fat 

CdUdonite.  A  silicale  of  iron,  magnesium  and  potassium.  Earthy  or  in  minute 
scales.  Very  soft.  Color  green.  From  cayities  in  amygdaloid  at  Mte.  Baldo  near 
Verona. 

Olanconite.  Essentially  a  hydrous  silicate  of  iron  and  potassium.  Amorphous,  and 
resembliug  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  granular  masstye.  Color 
dull  green.  Abundant  in  the  "green  sand."  of  the  Chalk  formation,  sometimes  constitute 
ing  75  to  90  p.  c.  of  the  whole. 

PhoUdoUta.  Corresponds  approximately  to  5H,O.Et0.12(Fe.Mff)O.AUOs.l8SiOt. 
In  minute  crystalline  scales.  G.  =  2'406.  Color  grayish  yellow.  From  Taberg  in  Warm- 
land.  Sweden,  with  garnet,  diopside,  etc. 


IV.    Kaolin  Division. 

KAOUNTTB.     Kaolin. 

Monoclinic;  in  thin  rhombic,  rhomboidal  or  hexagonal  scales  or  plates 
with  angles  of  60°  and  120^  Usually  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage :  basal,  perfect.  Flexible,  inelastic.  H.  =  2-2-5.  G.  =  2  6-2  63. 
Luster  of  plates,  pearly;  of  mass,  pearly «to  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish  or  reddish.  Scales  transparent 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  BXoJL^.  Bz^^  and  ax.  pi.  inclined  behind 
some  20""  to  normal  to  c  (OOI)  Dicic.     Axial  angle  large,  approx.  90"^. 

Var.— 1.  KaoliniU  In  crystalline  scales,  pure  white  and  with  a  satin  luster  in  the  mass. 
2.  Ordinary,  Common  kaolin,  in  part  in  crystalline  scales  but  more  or  less  impure 
including  the  compact  Uthomarge. 

Comp.— H,Al,Si,0,,  or  2H,0. A1,0  .2SiO,  =  Silica  465, alumina. 395,  water 
14*0  =  100.     The  water  goes  off  at  a  high  temperature,  above  330^. 

Pyr.,  etc.— Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution. 
Insoluble  in  acids. 

Diff.— Characterized  by  unctuous,  soapy  feel  and  the  alumina  reaction  B.B.  Resembles 
infusorial  earth,  but  readily  distinguished  under  the  micro8co|)e. 

Obs.— Ordiuary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspur  of  granitic  aud  gneissoid  n>cks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  cluy  remains  in  vast  beds  of  kaolin, 
usually  mure  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some 
of  the  other  minerals  present.  Pare  knolinite  in  scaler  often  occurs  in  connection  with 
iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  in  the  Tertiary  forma- 
tion, as  near  Richmond,  Va.  Also  met  with  accompanNMog  diospore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlan  in  Bohemia*,  in  argillaceous  schist  at 
Lod^ve,  Dept.  of  Herault,  France:  an  kaolin  at  I>iendorf  (Bodenniais)  in  Bavaria;  at 
Scliemnitz;  with  fluor  at  Zinnwald.  Yrieix,  near  Limoges,  is  the  l>est  locality  of  kaolin 
in  Europe  (a  discovery  of  1765):  it  affords  material  for  the  famous  Sevres  porcelaiu 
manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Cornwall  and  West  Devon, 
England. 

In  ilie  U.  States,  kaolin  occurs  at  Newcastle  and  Wilm  inert  on.  Del.;  at  various 
localities  in  the  limonite  region  of  Vermont  (at  Brandon,  etc.),  Massachusetts,  Pennsyl- 
vanin:  Jacksonville,  Ala.;  Edgefield,  S.  C;  near  Aueusta.  Oa. 

Tii'^  name  Kaolin  is  a  corruption  of  the  Chinese  KauUng,  meaning  high-ridgc,  the  name 
of  a  hill  near  Jauchau  Fu,  where  the  material  is  obtained. 

Pholerite  Near  kaolinite.  but  some  analyses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins,  Dept.  of  Allier,  France. 

HALIiOTSITB. 

Massive.     Clay-like  or  earthy. 

Fracture  conchoidal.    Hardly  plastic.     H.=  1-2.     G.  =  2 •0-2 '20.     Luster 


482  DESCRIPTIVE   MINERALOGY. 

somewhat  pearly,  or  waxy,  to  dull.  Color  white,  grayish,  greenish,  yellowish, 
bluish,  reddish.  Translucent  to  opaque,  sometimes  becoming  translucent  or 
even  transparent  in  water,  with  an  increase  of  one-fifth  in  weight. 

Var.;^ Ordinary.  Earthy  or  waxy  in  luster,  and  opflque  massive.  Oalapectits  is  halloys- 
ite  of  Anulnr.  Pseudosteaiite  of  Thomson  &  Binney  is  an  impure  variety,  dark  greea  in 
color,  with  H.  =:  2*25,  G.  =  2*469.  IndianaiU  is  a  white  poicelaiu  clay  from  Lawrence 
Oo.,  Indiana,  where  it  occurs  wiih  alloptiaue  in  beds  four  to  ten  feet  thick. 

Smectite  is  greenish,  and  in  certidu  states  of  humidity  appears  transparent  and  almost 
gelat  nous;  it  is  from  Conde,  near  Houdun,  France. 

BoU^  in  part,  nuiy  belong  here;  that  is.  those  colored,  unctuous  clays  containing  more 
or  1e«<8  iron  oxide,  which  also  have  about  24  p.  c.  of  water;  the  iron  gives  them  a  brownish, 
yellowish  or  reddish  color;  but  they  nmy  be  mixtures.  Here  hQ\ov\^  Bergietfe  (mountaiu- 
soap). 

Comp. — A  silicate  of  aluminium  (Al,0,.2SiO,)  like  kaolinite,  but  amor- 
phous and  containing  more  water;  the  amount  is  somewhat  uncertain,  but  the 
formula  is  piobably  to  be  taken  as  H  Al,Si,0,+  aq,  or  2H,0.Al,0,.2SiO,4-  aq 
=  Silica  43-5,  alumina  369,  water  19*6  =  100. 

Pyr..  etc. — Yields  water.  B.B.  infusible.  A  fine  blue  with  cobalt  solution.  Decom 
posfd  by  aciiis. 

Obs. — Occurs  often  in  veins  or  beds  of  ore.  as  a  secondary  product;  also  in  granite  and 
other  rocks,  being  derived  from  the  decomposition  of  some  aluminous  minerals. 

Newtonite.  HAAlaSiaOu -f  "Q  lii  s^^^  white  compact  masses  resembling  kaolin. 
Found  on  Sueed's  Creek  in  the  northern  part  of  Newton  Co.,  Arkansas. 


Oimolite.  A  hydrous  silicate  of  aluminium.  2AlaOi.9S)Ott.6HaO.  Amorphous  clay- 
like,  or  chalky.  Very  soft  G.  =  2-18-*i:V0.  Color  white,  grayish  white,  reddish.  From 
the  island  of  Argenlieni  (Kimolos  of  the  Greeks). 

Montmorillonite  Probably  II.iAlaSi40  a -f- w  aq.  Massive,  cay-like.  Very  soft  and 
tender.  Luster  fecl)le  Color  white  or  grayi<ili  to  rose-red,  and  bluish;  also  pisUichio-greiMi. 
Unctuous  M 'ntmorillonite,  from  Montmorill  »n,  France,  is  rose-red.  Confolemtite  is  paler 
rosered;  fr  Confolens,  Dept.  of  Charente.  a'  Si.  Je:in-de  Cole,  near  Thiviers. 

Stolpemte  is  a  clay  from  the  basalt  of  Stolpen.  S'tpouiie  of  Nicki^s  is  a  while,  plastic, 
sojip-like  clay  from  the  granite  from  which  issues  one  of  the  hot  springs  of  Plombieres, 
France,  called  Sonp  Sj)ring;  it  was  named  gmegmatite  by  Naumann. 

PYROPHYLLITB. 

Monocliiiic?    Foliated,  radiated  lamellar  or  somewhat  fibrous;  also  granu- 
lar to  compact  or  cryptocrystnllino:  the  latter  sometimes  slaty. 

Cleavage:    basal,   eminent.     Lamiiise   flexible,   not   elastic.     Feel   greasy. 

H  =  1-2.     G.  =  2'8-2-9.     Luster  of  folia  pearly;  of  massive  kinds  dull  and 

glistening.     Color  white,  apple-green,  grayish  and  brownish  green,  yellowish 

to  ocher-yellow,  grayish   white.     SuiUransparent   to   opaque.     Optically    -— . 

Bx  J_  cleavage.     Ax.  angle  largo,  to  108''. 

Var. — (1)  Foliated,  and  often  radiated,  closely  resemblinc:  talc  in  color,  feel,  luster  and 
strucinre.  (2)  C nnjiart  mttmtc.  whi;e,  trniyish  and  creenish,  somewhat  resembling  com- 
])aot  steatite,  or  French  chalk.  This  compact  variety  includes  |>nrt  of  what  has  gone  under 
the  name  of  agalmatolite.  from  Cidna;  it  is  used  for  sl.nte-pencils.  and  is  sometimes  called 
peneil'Stone. 

Comp.— H,Al,(SiO,),  or  II,O.Al,0,.4SiO,  =  Silica  667, alumina 28-3,  water 
5-0  =  100. 

Pyr..  etc  — Yields  water,  but  only  sit  a  h\^\\  temperature.  B.B.  whitens,  and  fuses 
with  difficulty  on  the  edtres.  The  nidiatrd  varieties  exfoliate  in  fan-like  forms,  swelling 
up  to  many  times  the  original  volume  of  the  assav.  Heated  and  moistened  with  cobalt 
s<»luiion  i^ivfs  a  deep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  and 
compleieiy  on  fusion  with  alkaline  carlMinates. 
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Diff. — Resembles  some  talc,  but  distinguished  by  the  reaction  for  alumina  with  cobalt 
solution. 

Obs. — Compiict  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
ated viiHety  is  often  the  >rangue  of  cjanite.  Occurs  in  the  Ural;  at  We8tau&,  Sweden; 
near  Ottrtz,  Luxembourg;  Ouro  Preto,  Brazil. 

Also  in  white  stellate  aggregations  in  Cottonstone  Mtn.,  Mecklenburg  Co.,  N.  C  ;  in 
Obesterlield  Dist.,  8.  C,  with  lazulite  and  cyauite;  in  Lincoln  Co.,  Gn.,  on  Gmvcs  Mtn. 
The  compact  kind,  at  Deep  River,  N.  C,  is  extensively  used  for  making  slate-pencils  and 
resembles  the  so-called  agalmatolite  or  pagodite  of  China,  often  used  for  ornamental 
carvings. 

ALLOPHANE. 

Amorphous.  In  incrnstations,  nsnally  thin,  with  a  mammillary  surface, 
and  hyalite-like;  sometimes  stalactitic.      Occasionally  almost  pnlverulent. 

Fracture  imperfectly  conchoidal  and  shining,  to  earthy.  Very  brittle. 
II.  =  3.  G.  =  I'85-1'89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
internally.  Color  pale  sky-blue,  sometimes  CTeenish  to  deep  green,  brown, 
yellow  or  colorless.     Streak  uncolored.      Translucent. 

Comp.— Hydrous  aluminium  silicate,  Al,SiOj+  SH^O  =  Silica  23*8,  alumina 
40-5,  water  35*7  =  100.  Some  analyses  give  6  equivalents  of  water  =  Silica 
22-2,  alumina  37-8,  water  400  =  100. 

Impurities  are  often  present.  The  coloring  matter  of  the  blue  variety  is  due  to  traces 
of  clirvsocolhi.  und  8ul)stances  intermediate  between  allophane  and  chrysocoUa  (mixtures) 
are  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  yellowish  und 
brown  by  iron. 

Pyr..  etc  —Yields  much  water  in  the  closed  tube.  B.B  cnmibles  but  is  infusible. 
Gives  a  blue  color  with  cobalt  solution.     Geliitinizes  with  hydrochloric  ncid. 

Obs. — Allophane  is  regarded  as  a  re.su)t  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.);  and  it  often  occurs  inorusiing  fissures  or  cavities  in  mines,  especially 
those  of  copper  and  limonite,  nnd  even  in  bids  of  coal. 

Named  from  nXXo?,  other,  and  (pat'veaBaif  to  appear,  in  allusion  to  its  change  of 
appeamnce  under  the  blowpipe. 

CoUyrite.  2AU03.SiOa.9H«0.  A  clay-like  mineral,  white,  with  a  glimmering  luster, 
greasy  feel,  and  adhering  to  the  tongue      G.  =  2-3*15.     From  Ezquerra  in  the  Pyrenees. 

Schr5tterite.  SAUOa.dSiO^.SOHsO.  Resembles  allophane;  sfmieiimes  like  gum  in 
appfanince.  H.  =  3-3-5.  Ot.  =  1*95-2  05.  Color  pale  green  or  yellowish.  From  Dollin- 
^er  mountain,  near  Freienstein,  in  Styria;  nt  the  Falls  of  Little  liiver,  on  the  Sand  Mtn., 
Ciierokee  Co.,  Alabama. 

Tlie  followin?  are  clay-like  minerals  or  mineral  substances:  Sinopite,  smectite,  catlinite. 

Oenosite     H«Ca,(Y,Er),CSi»0„.     Color  yellowish  brown.     From  HitterO,  Norway. 

Thaumasite.  CaSiO,.CaCO,  Ca804.15HaO.  Massive,  compact,  crystalline.  Cleavage 
in  traces.  II.  =  3  5.  G.  =  1877.  Color  white.  Occurs  filing  aivities  and  crevices  at 
the  Bjelke  mine,  near  Areskuta,  Jemtland,  Sweden;  at  first  soft,  but  hardens  on  exposure 
to  tlie  air      Also  in  fibrous  crystalline  masses  at  Paterson,  N.  J. 

Uranophane  Uranotil.  CaO  2U03.2SiO,  -f  6HaO  In  radiated  aggrenitioDs;  mas- 
.sive.  fibrous.  G.  =  3-81-3-90  Color  yellow.  From  the  granite  of  Kupferberg,  Silesia. 
UromAil  occurs  at  W5lsendorf,  Bavaria;  Mitchell  Co.,  N.  C. 


CHRYSOOOLLA. 

Crvptocrvstalline;  often  opal-like  or  enamel-like  in  texture;  earthy.  In- 
crusting  or  filling  seams.     Sometimes  botryoidal. 

Fracture  conchoidal.  Kather  sectile;  translucent  varieties  brittle.  H.  = 
2-4.  G.  =  *3-v>238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
green,  bluish  green,  passing  into  sky-blue  and  turquois-blue;  brown  to  black 
when  impure.     Streak,  when  pure,  white.     Translucent  to  opaque. 

Comp.— True  chrysocolla  appears  to  correspond  to  CuSiO,-f  2H,0  =  Silica 
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34*3,  copper  oxide  45*2,  water  20*5  =  100,  the  water  being  doable  that  of 
dioptase. 

Composition  varies  much  through  impuities;  free  sHica,  also  alumina,  black  oxide  of 
copper,  oxide  of  iron  (or  Hmonite)  and  oxide  of  manganese  may  be  present;  the  ccrlor  con- 
aeqiientlj  varies  from  bluish  green  to  brown  and  black. 

P3rr.,  etc.— In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  the 
flame  emeraid-zreen,  but  is  infusible.  With  the  fluxes  eives  the  reactions  for  copper. 
With  soda  and  charcoal  a  globule  of  metallic  copper.  Decomposed  by  acids  without 
gelaliiiization. 

Obs  — Accompanies  other  copper  ores,  occurring  especially  in  tlie  upper  part  of  veins. 
Found  it)  copper  mines  in  Cornwall;  Hungary;  Siberia;  iSaxony;  South  Aiistnilia;  Chili, 
etc. 

In  the  U.  S..  similnrly  at  the  Schuyler's  mines.  New  Jersey;  at  Morgnutown,  P«i. ;  at  the 
Clifton  mines.  Orabam  Co.,  Arizona;  Emmn  mine,  Utah. 

Chf-f/MoeoUa  is  from  ;p/ot;o'oS.  gold,  and  KoXXa^glue,  and  was  the  name  of  a  raateriul  used 
In  soldenug  gold.     The  name  is  often  applied  now  to  borax,  which  is  so  employed. 

OHLOROPAL. 

Compact  massive,  with  an  opal-like  appearance;  earthy. 

H.  =  2-5-4-5.  G.  =  l'727-l-870,  earthy  varieties,  the  second  a  conchoidal 
specimen;  2105,  Ceylon,  Thomson.  Color  greenish  yellow  and  pistachio- 
green.  Opaque  to  subtranslucent.  Fragile.  Fracture  conchoidal  and  splintery 
to  earthy.     Feebly  adhering  to  the  tongue,  and  meager  to  the  touch. 

Var. — Chloropal  has  the  above-mentioned  cbaracters,  and  was  named  from  the  Hunga* 
rian  mineral  occurring  at  Uughwar. 

Nontronite  is  pale  straw-ydlow  or  cannry-yellow,  and  greenish,  witb  an  unctuous  feel; 
flattens  and  srows  lumpy  under  tlie  pestle,  and  is  polished  by  friction;  from  Nontroo, 
Dept.  of  Dordogne.  France.  Pinguite  is  siskin-  and  oil-green,  extremely  soft,  like  new* 
made  soap,  with  a  slighily  resinous  luster,  not  adhering  to  the  tongue:  from  Wolkenstein 
In  Saxony.  Oraminite  has  a  grass-green  color  (whence  the  name),  tind  occurs  at  MenzeQ- 
berg,  in  the  Siebengebirge,  in  thin  fibrous  seams,  or  as  delicate  lamellae. 

Comp.— A  hydrated  silicate  of  ferric  iron,  perhaps  with  the  general  formnla 
H,Fe,(SiO,),  +  2H,0  or  Fe,0,.3SiO,.5lI,0  =  Silica  41-9,  iron  sesquioxide  37-2, 
water  20*9  =  100.     Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opal,  and  tjraduates  into  it,  and  this  nccoiinfa  for  the  hi<rh  silica  of  some  of  ita  analyses. 

Obs.— Localities  mentioned  abovo  Chloropal  occurs  also  at  Meenser  Steinberg  nesr 
GOttiu^en;  pinguite  at  Sternberg,  Moravia.  On  Lehigh  Mt.,  Pa.,  south  of  Allentown, 
occurs  ill  connection  with  iron  dep'>s!t8. 

HcEFBRiTE.     An  iron  silicate  near  chloropal.     Color  green.     From  Ki'itz,  Bohemia. 

Hisingerite.  A  hydrated  ferric  silicate,  of  uncertain  composition.  Amorphous,  com- 
pact. Fracture  conchoidal.  H.  =  3.  G.  =  2-5-80,  Luster  irreasy.  Color  black  to  brown- 
ish black.  Streak  yellowish  brown.  From  Riddarhyttan,  Tunaberg,  Sweden;  L&Dgban, 
etc.,  Norway. 


The  following  are  hydrous  manganese  silicates. 

Bementite.  Approximately 'iMnSiOs.HaO.  In  soft  radiated  mas<«es  resembling  pvro- 
phyllite.  G.  =  3-981.  Color  pale  grayish  yellow.  From  the  zinc  mines  of  Prankliu  fur- 
nace. N.  J. 

Oaryopilite.  Approximately  4Mn0.3SiOa.3H,0.  In  stalactitic  and  reniform  shapes. 
G.  =  2-83-2*91.     Color  brown.     From  the  Harstig  mine  near  Pajsberg,  Sweden. 

Neotocite.  A  hydrated  silicate  of  manganese  and  iron,  of  doubtful  composition,  usu- 
ally derived  from  the  alteration  of  rhodonite.  Amorphous  Color  black  to  dark  brown 
and  liver-brown. 
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TITAITO-SIUCA,TES,  TITANATEB. 

TbiB  section  includes  the  common  cslciDm  titano-eilicftte,  Titanite;  also  & 
number  of  silicates  which  contain  titanium,  but  whose  relations  are  not  alto- 
getliei'cluur;  further  the  titanate,  Perovskite,  and  n  iobo- titan  ate,  Dyaaualyte, 
which  \s  ititerniediate  between  Perovskite  and  the  species  Pyrochlore,  Micro- 
lite,  Koppite  of  the  following  chapter. 

lu  general  tlie  jiart  plnyed  by  litanium  in  Ibe  many  sillcateB  Id  wlilch  ft  enlera  Is  more 
or  lesj  uiicerutu.  It  Ib  pruLably  iu  moBi  coses,  ussbowo  in  ibe preceding  puget,  \o  beiuken 
0.4  repliicuig  llie  silicon;  in  oiliers,  however.  It  aeems  to  play  the  part  or  a  boalc  elenieut;  In 
scliorlouiiiL-  ([>.  419}  it  may  enier  Id  boib  relatiooi. 

TITANITE.     Sphene. 
Monocliiiic    Axes  a:i:i  =  0  7547  :  1  :  0  8543  ;  /If  =  60°  17'. 


',  11(1  A 
001  A 


;     21"    v. 


ci. 


021  a021=  112'  ff. 
Ill  A  lll=    48"  49'. 

iia  A  iia=  46*  u: 

001  A  111  =  88*  Iff. 
001  A  110=  65°  30". 
001  A  il2=   40°  84'. 


Twins:  tw.  pi.  b  rath- 
er common,  botli  contact- 
twins  and  cruciform  pen- 
etrjition-twina.  Crystals 
very  varied  in  habit  ; 
often  wedge-shaped  and 
fliiUened  |  c:  also  pris- 
matic. Sometimes  mas- 
sive, compact;  rarely 
lamellar. 

Clenvage:  m  rather  distinct ;  a,  I  (Il2)  imperfect;  in  greenovite,  n  (111) 
t  (111)   less  so  {Ox.).    Parting  often  easy  |  rf  (221)  due  to  twinning 


lamellK.  H.  =  5-5-5.  G.  =  3-4-3-56;  3-541  Chester,  Pirsson.  Luster  ada- 
miititine  to  resinous.  Color  brown,  gray,  yellow,  green,  rose-red  and  black. 
Streak  white,  slightly  reddish  in  greenovite.    Transparent  to  opaque. 
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Pleochroism  in  general  rather  feeble,  but  distinct  in  deep-colored  kinds: 
c,  red  with  tinge  of  yellow;  b,  yellow,  often  greenish;  a,  nearly  colorless.  Opti- 
cally +.  Ax.  pi.  ]  b,  Bx  nearly  J.  x  (102),  i.e.,  Bx  /\  t^  =  +  51°.  Dispersion 
p  >  V  very  large,  and  hence  the  peculiarity  of  the  axial  interference-figure  in 
white  light.  Axial  angles  variable.  2E,=  50°  to  90^  Pj  =  VSM.  Eire- 
friugence  high,  y  ^  a  =  0*121. 

Var. — Ordinary,  (a)  Titanite ;  brown  to  black,  the  original  being  thus  colored,  alto 
opaque  or  subtrauslucent.  {b)  &pluru  (named  from  <T<pijy,  a  wedge);  of  light  shades,  as 
yellow,  greenish,  etc.,  and  often  translucent;  the  original  was  yellow.  lAguriteiB  an  apple- 
green  sphene.  Spinthere  (or  Semeline)  a  greenish  kind.  Lederite  is  brown,  opaque,  or  sub- 
transluceut,  of  the  form  in  Fig.  916. 

TiianomorphiU  is  a  white  mostly  granular  alteration-product  of  rutile  and  ilmenite,  not 
uncommon  in  (erlaiu  crystalline  rocks;  here  also  belongs  most  leucoxene  (see  p.  837). 

MauganeHyiit ;  Qreeiwviie.  Red  or  rose-colored,  owing  to  the  presence  of  a  little  man- 
ganese; from  Si.  Marcel. 

Containipg  yttrium  or  cerium.    Here  belong  grothite,  alshedite,  eucolite-titanite. 

Comp.— CaTiSiO.  or  CaO.TiO,.SiO,  =  Silica  30'6,  titanium  dioxide  40-8, 
lime  28*6  =  100.  Iron  is  present  in  varying  amounts,  sometimes  manganese 
and  also  yttrium  in  some  kinds. 

Pyr.,  etc.— B.B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  8  with  intu- 
mescence, 10  a  yellow,  brown  or  black  glass.  With  borax  they  afford  a  clear  yellowish- 
green  glass.  Imperfectly  soluble  in  heated  hjrdrochloric  acid  ;  and  if  the  solution  be  con- 
centriited  alon?  with  tin,  it  becomes  of  a  line  violet  color.  With  salt  of  phosphorus  in  R.F. 
gives  a  violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  wiih  the  flux  on 
charcoal  with  metallic  tin.     Completely  decomposed  by  sulphuric  and  hydrofluoric  acids. 

Diflf. — Characterized  by  its  oblique  crystallization,  a  wedge-shaped  form  common  ;  by 
resinous  (or  adamantine)  luster  ;  hardness  less  than  that  of  staurolite  and  greater  than  that  of 
sphalerite.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  containing 
much  iron. 

Distinguished  in  thin  sections  by  Its  acute-angled  form,  often  lozenge-shaped  ;  its  gen- 
erally pale  brown  tone  ;  very  high  relief  and  remarkable  birefringence,  causing  the  section 
to  show  white  of  the  higher  order ;  by  its  biaxial  character  (showing  many  lemniscate 
curves):  and  by  its  great  dispersion,  which  produces  colored  hyperbolas. 

Obs. — Titanite,  as  an  accessory  component,  is  widespread  as  a  rock  forming  mineral, 
though  confined  mostlv  to  the  acidic  feldspathic  igneous  rocks;  it  is  much  more  common 
in  the  pin  tonic  granular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  tlie  more 
basic  hornblende  granites,  syenites,  and  diorites,  and  is  especially  common  and  character- 
istic in  the  nf-phelite-syenites.  It  occurs  also  in  the  met^imorphic  rocks  and  especially  in 
the  schists,  gneisses,  etc.,  rich  in  magnesia  and  iron  and  in  certain  granular  limestones.  It 
is  also  found  in  beds  of  iron  ore  ;  commonly  associated  minerals  are  pyroxene,  amphibole, 
chlorite,  scapolite,  zircon,  apatite,  etc.  In  cnvities  in  gneiss  and  granite,  it  often  accom- 
panies adularia,  smoky  quartz,  apatite,  chlorite,  etc. 

'  Occurs  at  various  points  in  the  Orisons,  Switzerland,  associated  with  feldspar  and 
chlorite;  Tavetsch;  in  the  St.  Gothard  region;  Zermatl  in  the  Vulnis;  JVIaderamrihal  in 
Uri;  also  elsewhere  in  the  Alps;  in  Dauphine  (spintJiere);  at  Ala.  Piedmont  {ligurfUV,  at 
St.  Marcel,  in  Piedmont:  at  Schwnizeustein  and  Rothenkopf  in  the  Zillerthai,  Ptiisch. 
Tyrol;  ZOptau,  Moravia;  near  Tavistock;  near  Tremadoc,  in  North  Wales;  in  titanic  iron 
at  Arendnl,  in  Norway;  with  magnetite  at  Nordmark,  Sweden;  Achmatovsk,  Ural.  Occa- 
sionally found  among  volcanic  rocks,  as  at  Lake  Laach  {temeline)  and  at  Andemach  on  the 
Rhine. 

In  Mnirw,  in  fine  crystals  at  Sandford.  In  MasM  ,  in  gneiss,  in  the  east  part  of  Lee;  «t 
liolton  with  pyroxene  and  scapolite  in  limestone.  In  AT.  York,  at  Roger's  Rock  on  Lake 
George,  abuiulant  in  small  brown  crystals:  at  Gouvemeur,  in  black  crystals  in  granular 
limestore;  in  Diana  near  Natural  Bridge.  Lewis  Co  .  in  large  dark  brown  crystals,  among 
which  is  the  variety  lederite;  at  Rossie,  Fine,  Pitcairn,  St.  Lawrence  Co.;  in  Orange  C«»  . 
in  limestone;  near  Edenville,  in  light  brown  Crystals  in  limestone ;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  AT.  Jersey,  at  Franklin  Furnace,  honey -yellow.  In  Penn., 
Bucks  Co. ,  three  miles  west  of  Attleboro',  associated  with  wollastonite  and  graphite.  In 
AT.  Carolina,  at  Statesville,  Iredell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co  , 
Alexander  Co.,  and  other  points. 
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Occurs  ill  fnnadn,  at  Gienvillc.  Argenleuil  Co  ;  .also  Buckinclifim.  Templeton.  Wake- 
field. Hull,  Ottawa  Co.:  ;ii  N.  Burgess,  honey-yellow;  near  Egaiiville.  Renfrew  Co., 
Ontario,  in  very  large  dark  brown  crystals  with  apatite,  ainphibole,  zircon. 

Eeilhanite.  A  liiano-silicate  of  calcium,  aluminium,  ferric  irun,  an:l  the  yttrium 
meials  Crystals  near  titauitu  in  habit  and  angles.  H.  =  b'5.  G.  =  ^52-3  77.  Color 
brownish  black.     From  near  Arendal,  Norway. 

Ouarinite.  CaiTiSiO^.  as  for  titaniie.  lu  minute  thin  tables,  flattened  |  h  (010),  nearly 
tetragonal  in  form.  H.  =6.  G.  =  3-487.  Color  sulphur-yellow,  honey -yellow.  Found 
in  a  grayish  tracrhyle  on  Monte  Somma. 

Tscheflfkinite.  A  tiiano  silicate  of  the  cerium  metals,  iron,  etc..  but  an  altenition- 
product,  more  oi  less  heterogeneous,  and  the  composition  of  the  original  mineml  is  very 
uncertain.  Massive,  amorphous.  H.  =  5-5*5.  G  =4*508-4  549  Co  or  velvei -black. 
From  the  Unicn  mountains  in  the  Ural.  Also  from  8.  India,  probably  Kanjamnlai  Hill. 
Salem  distr.  An  isolated  miiss  weighing  *20  lbs.  htis  been  found  on  Hat  Creek,  near  Mas> 
sie's  Mills,  Nelson  Co  ,  Virginia:  also  found,  south  of  this  point,  in  Bedford  Co. 

Astrophyllito.  Probably  R4H4Ti(S:04)4  with  R  =  H,  Na,  K,  and  R  =  Fe.  Mn  chiefly, 
including  also  FcaUs.  In  elongated  crystals;  also  in  thin  strips  or  blades;  sometimes  in 
stellate  i^roups.  Cleavage:  b  |)erfect  like  mica,  but  laminae  brittle.  H.  =  3  G.  =  8  3-3'4. 
Luster  submetallic,  pearly.     Color  bronze-yellow  to  gold-yellow. 

Occurs  on  the  small  islands  in  the  Lauge-suud  fiord,  near  Brevik.  Norway,  in  elseolite- 
syeniie,  embedded  in  feldspar,  with  catapleiite,  aegirite,  black  mica,  etc.  Similarly  at 
Kangerdluarsuk,  Greenland.  Also  with  arfvedsoniie  and  zircon  at  St.  Peter's  Dome, 
Pike's  Peak,  El  Paso  Co.,  Colo. 

Johnstrupite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefly,  with, 
titanium  and  fluorine.     In  prismatic,  crystals.     G.  =  3*29.     From  near  Barkevik,  Norway. 

Mosandrite.      Near  johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite.  is  from  Greenland. 

Neptunite.  A  tit  a  no-silicate  of  iron  (maugimese)  and  the  alkali  metals.  In  prismatic 
mouoclinic  crystals.     H.  =  5-6.    .G.  =  3*23.     Color  black.     Soutiiern  Greenland. 


PBROVSKITB      Perofskite. 

Isometric  or  p-seudo-isometric.  Crystals  in  general  (Ural,  Zermatt)  cubic 
in  Imbit  and  often  highly  modified,  but  the  faces  often  irregularly  distributed. 
Cubic  faces  striated  parallel  to  the  edges  and  apparently  |>enetration  twins,  as 
if  of  pyritohedral  individuals.      Also  in  reniform  masses  showing  small  cubes. 

C'leavjige  :    cubic,   rather    perfect.     Fracture    uneven    to    subconchoidal 
Brittle.     H.  =  o'5.     G.  =  4()lT-4'039  Zermatt.    Luster  adamantine  to  metal- 
lic-adaniatitine.       Color    pale   yellow,    honey-yellow,   orange-yellov\    reddish 
brown,  irrayish    black.     Streak    colorless,   grayish.     Transparent   to   opaque. 
Usually  exiiibits  anomalous  double  refraction. 

G«M>metri(a  ly  considered,  perovskite  conforms  to  the  isometric  system;  opiically,  how- 
ever, it  i>  uiiitonnly  l)i;ixial  and  usualh'  positive.  The  molecular  structure  (also  as  devel- 
oped bv  eU'hiiis:.  Hauinhauer)  seems  to  corn'spond  toorihorhoinbic  symmetry.    Cf.  Art  411. 

Conip. — Calcium  titanate,  Ca'I'iO,  =  Titanium  dioxide  58*9,  lime  41*1  = 
100.     Iron  is  ])fesent  in  small  amount  replacing  the  calcium. 

Pyr..  etc.  — In  I  he  forceps  and  on  cluircoal  infusibh*.  With  salt  of  phosphorus  in  O.F. 
<l;sso!v<'s  jjusily,  irivini;  a  grernish  bead  whi  e  hot,  which  becomes  colorless  on  cooliiij;; 
in  K.F.  the  bend  clianijes  to  ^rnyi^h  irreen.  nnd  on  coolinu:  assumes  a  violet-blue  color. 
Kniirely  fiecumpo^ed  by  I'oiliiii;:  sul|)huric  acid. 

Obs. — Occurs  in  small  crxsinls.  associnted  with  chlorite,  nnd  inatjuetic  iron  in  chlorite 
slate,  at  A<'hmatovsk,  nearZl.iiou^^t.  in  the  Ural:  atScheliiii^en  in  tin*  Kaiserstulil.  in  cranulai 
limestone;  in  the  valley  of  Zt'iinatt,  near  the  Findelen  irlacier;  at  Wiidkreiizjoch.  between 
Plits.  h  and  I*fuiiders  in  Tyrol.  Sometimes  noted  in  mi(!roscopi(!  octahedral  crystals  as  & 
rock  constituent;  thus  in  nephelite-  and  melilite-basalts;  also  in  serpentine  (altered  perido- 
tite)  at  Svracu.se,  N.  Y. 
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Knopite.  Near  perovskite  but  contains  cerium.  In  black  isometric  cr3rBta]6.  fVom 
AlnO,  Sweden. 

Dysanalyte.  A  titano-niobate  of  calcium  and  iron.  In  cubic  crystals.  From  the 
granular  limestone  of  Vogtsburg,  Kaiserstuhlgebirge,  Baden.  Has  previously  been  called 
perovskite,  but  is  in  fact  intermediate  between  the  titanate,  perovskite,  and  the  niobates, 
pyrochlore  and  koppite. 

A  related  mineral,  which  has  also  long  passed  as  perovskite,  occurs  with  magnetite, 
brookite,  rutile,  etc,  at  Magnet  Cove,  Arkansas.  It  is  in  octahedrons  or  cubo-octahedrons, 
black  or  brownish  black  in  color  and  submetallic  in  luster. 

Bee  also  the  allied  titanate,  bixbyite,  mentioned  on  p.  848. 

Gkikielita.  Mngnesium  titanate,  MgTiOa.  Hussive,  as  rolled  pebbles.  H.  =  6. 
G.  =  4.    Color  bluSh  or  brownish  black.    From  Ceylon. 
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Oxygen  Salts. 
8.   NIOBATES,  TANTAIiATES. 

The  Niobates  (Golnmbates)  and  Tantalates  are  chiefly  salts  of  metaDiobio 
and  inetatantalic  acid,  RNb,0,  and  RTa,0,;  also  in  part  Pyroniobate8,R,NH,0,, 
etc.  Titanium  is  prominent  in  a  number  of  the  8{)ecies,  which  are  hence  inter- 
mediate between  tne  niobates  and  titanates.  Niobinm  and  tantalnm  also  enter 
into  the  composition  of  a  few  rare  silicates,  as  wohlerite^  lavenitCi  etc. 

The  following  groups  may  be  mentioned : 

The  isometric  Pyrochlorb  Group,  including  pyrochlore,  microlite,  etc 
The  tetragonal  Ferousos^itb  Group,  including  fergusonite  and  sipylite 
The  orthorhombic  Golumbitb  Group,  including  columbite  and  tantalite 
Also  the  orthorhombic  Samarskitb  Group,  including  yttrotantalite,  samarsk 
ite,  and  annerodite. 

The  species  belonging  in  this  class  are  for  the  most  part  rare,  and  are 
hence  but  briefly  described. 

PTROOHLORE. 

Isometric.     Commonly  in  octahedrons;  also  in  grains. 

Cleavage:  octahedral,  sometimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5*5.  G.  =  4*2-4*36.  Luster  yitreous  or  resinous,  the  latter  on  fracture 
surfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light  brown, 
yellowish  brown.    Subtranslucent  to  opaque. 

Comp.— Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other  bases, 
with  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metaniobate 
with  a  titanate,  RNb,O..R(Ti,Th)0,;  fluorine  is  also  present. 

The  following  are  analyses  by  Rammelsberg : 

G.         Nb,0.     TiO,    ThO,    Ce.O.     CaO 
Miask  4  359    }  5319      10  47      7'M      700      14-21 

FredriksvftrD      4*228        4718      18*52        —       7*80      15*94 

Obs.— Occurs  in  elseolite-syenite  at  Fredriksyftm  and  Laurrik.  Norway;  ou  the  island 
LOvO.  opposite  Brevik.  and  at  several  points  in  the  Imnpresund  fiord;  near  Miask  in  t^e  Ural. 
Named  from  TTvf),  fire,  and  x^oofioi,  green,  because  B.B.  ft  becomes  yellowi^^b  green. 

Eoppite.  Essentially  a  pyroniobate  of  cerium,  calcium,  etc.,  near  pyrochlore.  In 
miuuie  brown  dodecahearons.  G.  =  4*45-4*56.  From  Schelingen,  Kalserstuhl,  embedded 
in  limestone. 

Hatchettolite  A  tantalo-niobate  of  uranium,  near  pyrochlore.  In  octahedrons  with 
a  (100)  and  m  (811).  G.  =  4 -77-4 -90.  Color  yellowish  brown.  Occurs  with  samarskite, 
at  the  mica  mines  of  Mitchell  Co.,  North  Carolina. 

Microlite.  Essentially  a  calcium  pyrotantalate.  CaaTasOv.  but  containiuc:  alto  nio* 
biuiii,  fluorine  and  a  variety  of  bases  in  small  n mount.  Isometric.  Habit  octahedral ; 
crystals  often  very  small  and  highly  modified  (Fig.  109,  p.  40).  H.  =  5  5.  G.  =5*485- 
5*562;  6*13  Virginia.  Color  pale  yellow  to  brown,  rarely  hyacinth-red.  From  Chesterfield, 
Mass.,  in  albite;  Branchville,  Conn.;  UtO.  Swe<len.  Also  in  fine  crystals  up  to  1  in.  in 
diameter  at  the  mica  mines  at  Amelia  Court-House,  Amelia  Co.,  Ya. 


FeO 

MgO    NaO,      F 

1*84 

0  22      5  01        — 

1003 

019      812     2-90 

[ign.  1*89  =  101*52 
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Ptrrhite.  Probably  a  niobute  related  to  pyrochlore,  and  perhaps  identical  with 
micro! ite.  Occurs  in  minute  orange-yellow  octahedrons.  From  Alabashka,  near  Murainka 
in  the  Ural. 


FEROUSONITB.    Tyrite.     Bragite. 

Tetragonal-pyramidal.  Axis  b  =  1'4643.  Crystals  pyramidal  or  prismatic 
in  habit. 

Cleavage:  s  (111)  in  traces.  Fracture  subcbnchoidal.  Brittle.  H.  =  5*5-6. 
G.  =  5*8,  diminishing  to  4*3  when  largely  hydrated.  Luster  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic.  Color  brownish  black; 
in  thin  scales  pale  liver-brown.    Streak  pale  brown.    Subtranslucent  to  opaque. 

Comp, — Essentially  a  metaniobate  (and  tantalate)  of  yttrium  with  erbium, 
cerium,  uranium,  etc.,  in  varying  amounts;   also  iron,  calcium,  etc.     General 

ni  Dui 

formula  R(Nb,Ta)0,  with  R  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  an 
original  constituent;  the  specific  gravity  falls  as  the  amount  increases.  Analyses  by  Ram- 
melsberg: 

G.     Nb,0.  Ta,0,  UO,   WO,  SnO,  YaO.  Er,0,  Ce,0,  FeO  CaO  H,0 
Greenland,  Ferg.  5  577    4445      6-80    2*58    015    047   24  87    9-81    7*68*  0*74   0-61    1-49 

[=  9910 

Ytterly,  yw.  4774    2814    2704    213     —      —     2445   8*26      —     072    417   512 

[=  100-03 

•  Incl.  5*68  DisO»,LA,Oa. 

Obs.— From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ytterby,  Sweden,  and 
K&rarfvet.  Tyrite  is  nssociuted  with  euxenite  at  Humpemyr  on  the  island  of  TromO,  and 
Helle  on  the  mniulHiui:  bragite  is  from  Helle,  Narestft,  etc.,  Norway. 

Found  in  the  U.  S.,  at  Hockport.  Mass.,  in  granite;  in  the  Brindletown  gold  district, 
Burke  Co..  N.  C.  in  gold  washings;  with  zircon  in  Anderson  Co.,  S.  Carolina;  at  the 
gadolinite  locality  in  Llano  Co.,  Texas,  in  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  cerium  metals,  etc.,  near  fergusonite 
inform.  Rarely  in  octahedral  crystals.  *  Usually  in  irregular  masses.  G.  =  4'89.  Color 
brownish  black  to  brownish  orange.     Occurs  sparingly  with  allanite  in  Amherst  Co., 

Virginia. 


OOLUMBITE.TANTAIJTE. 

Orthorhombic.     Axes  a  :h:  i  =  0-8285  :  1  :  0-8898. 

yy',      210  A  210  =  45"    0'.  ee,       001  a  021  =r  60''  40^. 

mm".  110  A  liO  =  79"  17'.  ao,      100  a  HI  =  51"  16'. 

gg",      130  A  130  =  43"  50'.  eu,      001  a  133  =  48"  48'. 

ck,       001  A  103  =  19"  42'.  uu\    138  a  188  =  29"  57'. 

cq,        001  A  028  =  80"  41'.  t/w"'.  133  A  1^3  =  79"  54'. 

Twins:  tw.  pi.  e  (021)  common,  usually  contact-twins,  heart-shaped  (Figs. 
347,  p.  118),  also  penetration-twins;  further  tw.  pi.  q  (053)  rare  (Pip.  404,  p. 
281).  Crystals  short  prismatic,  often  rectangular  prisms  with  the  piTiacoi'ds, 
a  b  c,  prominent;  also  thin  tabular  ||  a;  the  pyramids  often  but  slichtlf 
developed,  sometimes,  however,  acutely  terminated  by  u  (133)  alone.  Also  in 
large  groups  of  parallel  crystals,  and  massive. 

Cleavage:  a  rather  distinct;  b  less  so.  Fracture  subconchoidal  to  nneven. 
Brittle.  H.  =  6.  G.  =  5-3-7-3,  varying  with  the  composition  (see  below). 
Luster  submetallic,  often  very  brilliant,  sub-resinous.    Color  iron-black,  graytah 
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and  brownish  black,  opaque;  rarely  reddish  brown  and  translucent ;  frequently 
iridescent.     Streak  dark  red  to  black. 


924. 


926. 


926. 


7] 


y 


m 


Middletown. 


Binck  Hills. 


Greenland. 


Coinp.,Yar. — Niobateand  tantalateof  iron  and  manganese,  (Fe,Mu)(Nb,Ta),0„ 
passing  by  insensible  gradations  from  normal  Columbite,  the  nearly  pure 
niobate,  to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron  and  man- 
ganese also  vary  widely.  Tin  and  wolfram  are  present  in  small  amount.  The 
percentage  composition  for  FeNb  0,  =  Niobium  pentoxide  82'T,  iron  protoxide 
17-3  =  100;  for  FeTa,0,  =  Tantalum  pentoxide  861,  iron  protoxide  13*9  =  100 

In  some  varieties,  manganoeolumbite  or  manganotantaliU,  the  iron  is  largely  replaced  by 
man£:nnesc. 

Tlie  connection  between  the  specilic  gravity  and  tlie  percentage  of  metallic  acids  is  showo 
in  the  following  table : 


G. 

Ta,0. 

G. 

Ta,0, 

Greenland 

6-36 

3-3 

Bodcnmais 

5-93 

27  1 

Acwortb,  N.  H. 

5-65 

15-8 

Huddam 

605 

80-4 

Limoges 

6-70 

18-8 

Bodenmais 

6-06 

354 

Bodenmnis  {Dianite) 

5-74 

13-4 

Haddam 

613 

315 

Haddam 

6-85 

10  0 

Tantalite 

708 

65-6 

Diflf.— Distinguished  (from  black  tourmaline,  etc.)  by  orthorhombic  crystallization, 
rectangular  forms  common;  high  specific  gravity;  submetallic  luster,  often  with  iridescent 
surface;  cleavage  much  less  distinct  than  ror  wolframite. 

Pyr. ,  etc.— For  tanVUite,  B.B.  nloue  unaltered.  With  salt  of  phosphorus  dissolves  slowly, 
giving  an  iron  glnss,  xvhich  in  R.F.  is  pale  yellow  on  cooling;  treated  with  tin  on  charcoal 
it  becomes  green.  Decomposed  on  fusion  with  potassium  bisulphate  in  the  platinum  spoor, 
and  gives  on  treatment  with  dilute  hydrochloric  acid  a  yellow  solution  and  a  heavy  whf  a 
powder,  which,  on  addition  of  metallic  zinc,  assumes  a  smalt- blue  color;  on  dilution  with 
water  the  blue  color  soon  disappears.  Columbite,  when  decomposed  by  fusion  with  caustic 
potash,  and  treated  with  hvdrocliloric  and  sulphuric  acids,  gives,  on  the  addition  of  zinc,  a 
blue  color  more  lasting  than  with  tintalite.  Partially  decomposrd  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentptted  sulpliuric  acid,  its  color  is  changed  to 
white,  light  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it 
gives  a  beautiful  blue. 

Obs  — Cobimbite  occurs  at  Riben stein  and  Bodenmais.  Bnvaria,  in  granite;  Tammela. 
in  Finland:  Ohanteloube.  near  Limocres.  in  neematite  with  tantalite;  near  Minsk,  in  the 
11  men  Mts..  with  samarskite;  in  the  eold-washincrs  of  the  Sanarka  region  in  the  Ural:  in 
Greenland,  in  cryolite,  at  Ivigtut  (or  EviijtokV  in  brilliant  crystals. 

In  the  United  States,  in  Maine  at  Standish.  in  splendent  crystals  in  granite:  also  at 
Stoneham  with  ca&siterite.  etc.  In  N.  H'lmpnhire,  at  Acwortb.  at  the  mica  mine  In 
Maes.,  at  Chesterfield;  Northfield.  Mass  In  Connecticut,  at  Hacidara.  in  a  granite  vein; 
near  Middletown:  at  Branchville,  Fnirfield  Co  ,  in  a  vein  of  albitic  granite,  in  large  crystals 
and  aggregates  of  crystals,  also  in  minute  tmnslucent  crystals  (manganneolumbite),  iipon 
•podumene.     In  N.  York,  at  Greenfield,  with  chrysoberyl.    In  Penn,,  Mineral  Hill,  Dela- 
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ware  Co.  Id  Virginia,  Amelia  Co.»  in  fine  splendeut  crvstHls  with  microlite,  monazite,  etc 
In  N,  Carolina,  with  samartkite  at  the  mica  mines  of  Mitchell  Co.  lu  Colorado,  ou  micro- 
cline  at  the  Pike's  Peak  region;  I'urkev  Creek,  Jefferson  Co.  In  8,  Dakota,  iu  the  Black 
Hills  region,  common  in  the  granite  yeins.    Iu  California,  King's  Creek  distr.,  Fresno  Ca 

Mangantanialiie  (NordenskiOld)  from  UtO.  Sweden,  occurs  with  petalite,  lepidolite, 
microlite,  etc.  Manganotantalite  (Arznini)  is  from  gold-washings  in  the  Sanarka  region  in 
the  Ural. 

Massive  tantalite  occurs  in  Finland,  in  Tammela,  at  Hftrkftsaari  near  Torro;  in  Kimito.  at 
SkogbOle;  in  Somero  at  Eaidasuo,  and  iu  Kuortane  at  Katiala,  with  lepidolite,  tourmaline, 
and  lieryl;  iu  Sweden,  nenr  Falun,  at  Broddbo  and  Finbo;  in  France,  at  Cbanteloube  near 
Limoge-.  iu  pegmatite.  Iu  the  U.  S..  iu  Yaucey  Co.,  N.  C;  Coosa  Co.,  Ala.;  also  in  the 
Black  Hills,  S.  Dakota. 

SkoobOlitk  is  csseutially  FeTatO*,  like  normal  tantalite,  but  occurs  in  prismatic  crsrstals 
of  ditlcretit  angles;  tbe  prism  is  near  that  of  samarskite.  From  Hftrkftsaari  in  Tammela, 
Finland;  also  from  SkogbOle  iu  Kimito.  Ixiolits.  from  SkogbOle,  is  a  niobo-tantalate  of 
iron  and  manganese:  also  containing  tin;  relations  doubtful. 

Tapiolite.  Fe(Ta,Nb)«Q«.  Like  tantalite.  but  occurring  in  square  octabedrons. 
G.  =  T  496.    Color  pure  black.    From  tbe  Kulmala  farm,  Tammela,  Finland. 


YTTROTANTALITZI. 

Orthorhombic,  •  Axes  a  :l :  6  =  0*6412  :  1 :  1*1330.  Crystals  prismatic^ 
mm"'  =  56^  50'. 

Cleavage:  b  yery  indistinct.  Fractnre  small  conchoidal.  H.  =  5-5*5. 
G.  =  5*5~5*9.  Luster  submetallic  to  vitreous  and  greasy.  Color  black,  brown, 
brownish  yellow,  straw-yellow.  Streak  gray  to  colorless.  Opaque  to  snb- 
translucent. 

n  m  n  m 

Comp.— Essentially  RR,(Ta,Nb),0„  +  4H,0,  with  B  =  Fe,  Ca,  R  =Y,Er, 
Ce,  etc.    The  water  may  be  secondary.     Analysis  by  Rammelsberg: 

Ta,0.    Nb,0.  W0«    8nO,    Y,0,  Er,0,  CctO.    UO,    FeO     CaO     H,0 
G.  =  5  425    I  46-25     12-82      2  86      1-12      10  52     6*71      222      1-61      8  80      5*73     6  31 

[=9695 

The  so-called  yellow  yttrotantalite  of  Ttterby  and  K&rarfvet  belongs  to  fergusonite. 

Obs.^Occurs  in  Sweden  at  Ytterby,  near  Yaxbolm,  in  red  feldspar;  at  Finbo  and 
Broddbo,  near  Falun. 


SAMARSKITE. 
927. 


O. 
N.  Carolina  5*889 
Miask  5-672 


Orthorhombic.  Axes  d  :h:d  =  05456  : 1 :  0*5178.  Crys- 
tals rectangular  prisms  (a,  b),  with  e  (101)  prominent 
Angles,  mm"'  =  57°  14';  ee'  =  87°.  Faces  rough.  Com- 
monly massive,  and  in  flattened  embedded  grains. 

Cleavage:  b  imperfect.  Fracture  conchoidal.  Brittle. 
H.  =  5-6.  G.  =  5*6-5*8.  Luster  vitreous  to  resinous, 
splendent.  Color  velvet-black.  Streak  dark  reddish  brown. 
Nearly  opaque. 

n  m  n 

Comp.— R,R,(Nb,Ta).0„  according  to  Rg.,  with  R  =  Fe, 

I" 
Ca,  XJO,,  etc.;   R  =  cerium  and  yttrium   metals  chiefly. 

Analyses  by  Rammelsberg: 

Ta,0»    Nb,0»8nO,.WO,    UO,     C**,0,*  Y,0«    Er,0.      FeO        Tia. 
14-36    41-07     016       1090    3  37    610    10-80    14*61    0*56^  =  100-W 
f  —       55-34      0  22       11-94 


4107 
55-34 

•  Ind.  Di,0„La,0,. 


4-33    8-80      3-82 
k  iDcl.  SiO,. 


14-80    1-06  =   998S 
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Pyr.,  ato. — la  tbe  clewed  tub«  decrepllatta.  glowi.  cnclu  open,  and  tunu  black.  B.B. 
fueea  on  Ihe  edges  to  &  black  Rlosa.  With  inilt  of  pbospborus  lo  bolli  flumei  aa  emerald- 
green  beat).  With  soda  yieTds  a  muDgaDese  reac(ioD.  Decomposed  od  fosioii  iritli 
potassium  bisiilpbate,  jrieldlDg  n  yelluw  uihm  wbicli  on  treatmeut  nitli  dilute  bydrocbluria 
acid  separates  wbiie  tantallc  acid,  aud  oo  boiliug  witb  metallic  zloc  gives  a  flue  blue  color. 
In  ponder  siiffideDily  decoupoMil  od  boiliug  with  coDceotnitod  sulpliuric  acid  to  give  Uie 
blue  reiluctloD  Uait  wbeo  Ibe  add  fluid  is  treated  witli  metallic  ziDC  or  liu. 

Obs. ^Occurs  Id  reddish  browo  feldspar,  with  sscbyaile  aud  columblto  in  the  Ilmen 
mouninius.  near  Hiaalt.  In  the  United  Stt(t«,  rallier  abuodaDl  and  sometimes  In  large 
masses,  up  lo  30  llis.,  ut  the  mica  niluea  in  Mitchell  Co.,  N.  Caroliua.  inlimately  associalAd 
with  columbile;  spnrlngly  elsewhere. 

ADUsrSdite.  Hsst'Dtiatly  a  pyro-nlobate  of  uranJum  and  yttrium.  In  prismatic  crystals, 
oftwi  resembling  columbtte.  H .  =  «,  G,  =  6-7.  Color  bh«k.  From  tbe  pegmatite  v«iii 
at  AiiiierOd.  near  Moss,  Norway. 

Hlelmlte.  A  slanno-tantalate  (and  nlobate)  of  yttrium,  iron,  manganese,  cslcluDI. 
Crystals  (orihorbombic)  usually  rough;  manive.  G.  =  S'82.  Ooior  pure  black.  From 
tbe  KirarFTet  mine,  FaluD,  Sweden. 

Siohynlte,  A  niobate  and  lltanale  (tborate)  of  the  cerium  metala  cbieHy,  also  iu  smal't 
amouDl  iron,  calcium,  etc.  Crystals  prismutlc,  ortliorbomblc  Fracture  small  conchoidaL 
Briltle.  H.  =6-6.  G.  =  4  98  Hilteri);  SIOS  HIask.  Luster  subinetaUic  lo  resinous, 
nearly  dull.  Color  nearly  black,  lucllulog  lo  brownlsb  yellow  when  translucent.  AnalyA 
by  Haiiimelsberg 

Nb,0.  TIO,    ThO,    Ce,0,,La,(Di,)0,  T,0,,{Er,0,)      FeO    CaO 
0.  =6108    3351    ai20    17-65  1941  810  384    3-50  =  B»ei 

From  HIask  in  the  llmeii  Uts. ,  In  feldspar  wItb  mica  and  zircon;  also  with  euclase 
Id  the  »,'old  sands  of  the  Orenburji  District.  Southern  Ural.  Prom  HillerO.  Norway.  Named 
from  aiaxnyi.  iAatn«,  by  Berzellus.  In  allusion  lo  Ibe  Inability  of  chemical  science,  at  the 
time  of  its  discovery,  to  separaie  some  of  Its  constituents. 

Poljmlgnite.  A  niobaie  and  lilanate  (zlrcoaa(e)  of  tlie  cerium  metnta,  Iron,  caldum. 
Crystals  slender  prisms,  Tertlcally  striated.  G.  =  4-77-4-85.  Color  black.  Occurs  at 
Frederlksvam,  Norway. 

Boxenite.  A  niobale  and  tltaoate  of  yttrium,  erbtnm,  cerium  and  uranium.  Crystals 
rare;  comroonly  massive.  H.  =  65.  G.  =  4 7-fi-a  Color  brownish  black.  Analysis bj 
Rammelsberg. 

G.      Nb,0.      TiO,      T,0,      Br.O,     Ce,0,      UO,      FeO     H.O 
Alve  6  00       3609        31-16       27-48        840         8-17        478       IW       3  68  =  99-09 

Occurs  at  Jfilsler  in  Norway;  near  Tvedestraod;  at  AWe.  etc.,  near  Arendal, 
Polyonue.    A  niobate  and  tiiauate  of  yttrium,  erbium,  celum,  uranium,  92B. 

like  euxenlte.  Crystals  thin  prismatic,  ortliorliombic.  Frnclure  oincboidal. 
H.  =5-6.  O.  =4  97-«-04,  Luster  vitreous  lo  resinous.  Color  black, 
browuishiaspliolers.     Analyses:  1,  Hackinlosb;   2,  Hidden  and  Ram mels- 

Hb,0.  Ta,0.    TIO,     Y,0,    Er,0,  0,0,    UO,      F*n    H,0 
HllterO  MM  400  26-59   38-83    7-53    361     770   2-73    4  03 

Henderson  Co..  19  48     —    39  81   37-55'     —       —    13-n  2-87   618* 

[=98  16     " 
•  at.  wRht.  11*.  » 00,. 

From  HllterO,  Norway.  In  gmtiite  with  gadollnite:  at  SlftltUkm.  Smilsnd. 
Sweileij.     In  the  U.  Slaios,  in  N.  Carnlina,  in  Uie  |told-wn»liinpi  on  Davis   | 
bind,  Henderson   Co.  with  zirron.   monazite,   xrno'ime,   magop'ite;  nlso  in 
8.  Caroliua,  four  miles  from  Marietta  In  Greenville  Co.     Named  from 
xuivi,  many,  and  Kpd<rii.  mixtura. 
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Oxygen  Salts* 


4.  PHOSPHATES,  ARSENATES,  VANADATES, 
ANTIMONATES. 

A.  Anhydrous  Phosphates,  Arsenates,  Vanadates,  Anitmonates. 

Normtil  phoBphoric  acid  ia  H,PO„  and  consequently  normal  pfaospbatee 

haTC  the  formulas  R.PO.,  K,(PO.).  and  UFO.,  and  similarly  for  the  arae- 
Dates,  etc.  Uuly  a  comparutively  Gniull  unniber  of  species  conform  to  thia 
simple  formula.  Most  species  contain  more  than  one  metallic  element,  and  in 
the  prominent  Apatite  Gronp  the  nidicul   (OaF),  (CaCI)  or  (PbCl)  enters; 

iu  the  Wagnerite  Group  we  have  similarly  {UF)  or  (ROU). 


Tetragonal.     Axis  i  =  06187,  za'  (111  A  HI)  =  55°  30',  zz"  (111  A  111) 

sao.        ~  ^^°   ~^''     ^"   crystals  resemhling  zircon   in  hahit; 

■  ™'*       sometimes  compounded  with  zircon  in  parallel  position 

/^r^     /yO\    (Fip-3U.  p.  i:i!).     In  roll-<l  prsiiis. 

•r^''^-,-/\   fVA~^        Cleavaee:  m  perfect.    Fraclnre  uneven  anJ  splint- 

^        '  ery.      Brittle.      H.  -  4-.'>.      G.  =  4  4.'i-4.^n.      Luster 

resinous  to  vitreous.     Color  yellowish  brown,  reddish 

brown,  hair-brown,  flesh-red.  pravish  white,  wine-yellow. 

Sale  yellow:   strenk  pale  brown,  yellowish  or  reddish. 
'paqiie.     Optiriilly  -I-. 
Comp — Essentially  yttrium    phosphate,   YPO,    or 
Y,O..P,0.  =  Phosplioni's   pentnxide    3S'6.  yttria    6r4 
=  lOU.     The  yttrium  metals  may  inrlndo  erhinm   in 
lar^e  amount;  cerium  iaeometiines  present;  also  f-il icon 
as  in  monazitc. 

-KB.   iii'iiMM'-      Wlifn   tniiUien<'.i  with  >-iili>li'irif;  ncirl  colors  ilie  fl.ime 

TUmi-nHly  wluUV  ill  wilt  i.f  pl...-iilioni«.      Ii...-lnMr  in  »d,\-f. 

iiiMfs  7,'rcoii  fii  iis  tetnigoiml  fnrni,  bill  ilisiliipiiislic<i  liy  inferior  linrdnrst 


v> 


and  thorium 


sith  >-illi>l 

bluhl'i  trr(  "  ""  

Diff- 

(UldpiTfl' 

Oba, — Oi  PHP'  lis  HD  n-i'pworv  mlnerftl  In  (traniti'  vpiiisr  Bome'lni'-H  in  inimite  pinhnddeil 
crysInN  iienenillv  cl^rihiili'd  in  crmilic  nnil  giipiwuifl  rocks.  Frmmi  nt  HiliprO;  ni  Mcisr. 
KrHffi'rn.  ami  Tnna  ncirnnitlle  Teiii«  nt  nllipr  iviiuls  in  Nnrwnv;  iil  Yllerliv.  Sweden;  the 
I-tliiik  ItiTC.  R.W.  frniii  m.  G'llhiLnl  nnd  llii-  Binuenlhsl.  Switzi-rlitiiil.  An  accessory  cuD- 
Kiliinni  in  Iti-  Tnnwyivilo-crrinlie!'  of  linizil, 

111  tlie  rniinl  Sr.HM,  In  ilie  (r"l<l  wssJiinei  of  Clurloville.  Oc'iTgU:  In  N.  Cnrolina. 
IJurke  Co  .  H  n.lerwii  Cn  .  Miti-lifll  Co.;  in  liTillisnl  crytnh  if  Alcuiniler  Co.  wilh  njtlle. 
ttc.;  witli  lyscmile  ni-»r  Pike's  Peak.  Colonido;  rare  on  New  York  iHland. 
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MOMAzrrz:. 

MouocliQic.  Axes  hib; 
am",  110  a  UO  =  86*  84'. 
iw,  100  A  101  =  39°  12i'. 
^'a  100  A  ioi  =  58°  31'. 
Oil  A0il  =  »3"56'. 
Ill  A  lil  =  60°4l)'. 


.6;  >3  =  76°  2 


rr'. 


Ill  A  111  = 


;°  IV. 


Crystals      commonly 
Bniall,  often  flattened  |  a  or 

Ijniea  prismatic  by  exteri- 
siou  of  f  (111)  (Fig.  324, 
p.  102);  also  large  and 
coarse.  In  masses  yielding 
angular  fragments;  in  rolled 
grains. 

Cleavnge:   c  sometimes 


erfect  (parting?);  also,  a  distinct;   b  difficult; 


G.  —  4'9-5'U;  mostly  ."j'O  to  53.  Luster  inclining  to  resinous. 
Color  hyacinth-red,  clove-brown,  reddish  or  yellowish  brown.  Sub  transparent 
to  snbtraiiBlucent.  Optically -f.  Ai.  pi  J.  i  and  nearly  |  n.  Bx,  A  <•' = 
+  1°  to  4°.  Dispersion  p  <  r  weak;  horizontal  weak.  2E,  =  29°  to  31°, 
Comp.— Phosphate  of  the  cerium  metals,  essentially  (Co,La,Di)PO,. 
Mr>st  nnnlyscB  show  lUe  presence  of  TbOi  noA  BiOt.  iiaually,  bill  not  alwayl.  Id  tbe 
proper  aiimuiil  10  form  Umriiim  Bilicate:  lliiit  this  is  mechanical ly  present  is  not  cenaio 
but  possible.     Typical  BDalysea:  I,  BlomMTand;  3,  Peofleld. 

e,0,   U,0,  Y,(Er),0,  SiO,    TliO, 

9-20    26-26        S'SS       186     9-57      X  a  84  =  100  60 

1-88    30  88  —         1-40     6«    igQ0-30=   9968 


O      P.O. 

1.  Arendnl  5  15    37-5.i 

2.  BurkeCcN.  C.     SIO    2928 


X  =  Fe,0, 1-18.    CaO0  69,    H,O0-59. 

PvT..  etc. — B  B  infiislhle,  tiirni  gray,  and  when  moistened  with  sulphuric  acid  color* 
the  name  bliiUh  green.  With  borax  gives  n  bead  yellow  while  hoi  and  colorlesi  on 
ci>oliii<;:  a  saturated  bead  becnmes  euamel-while  on  flamiDg.  DUBculily  soluble  in  bydro- 
cUloric  acid, 

Obs.— Itiilber  nbundnntly  distiibiiteil  at  an  accessory  conBitluenl  of  goelssoid  rocks  In 
certain  ri't^oNx.  thus  in  North  Carolina  and  Brnzil.  Occurs  near  Zlatoust  in  the  Ilraen 
Mis.,  ill  granite.  In  Norway,  near  Arendal.  aod  nt  AnnerOd.  In  small  >ellow  or  brown 
crysiaU  ilunifrile)  in  Daiiphitic  and  Switzerland.  Found  also  tu  Ibe  gold  wushicgsof 
Aniimiuin;  in  tin'  (fiumoncl  irnivels  of  Brazil. 

In  Ibe  rniti-d  Stnic,  formerly  found  with  the  silHmanlle  of  Norwich.  Conn.;  also  &I 
YitVIiiwii.  N.  v.  Ill  liirce  coaiiM;  crvslnis  iind  masses  in  albitic  gmniic  with  microllie,  etc, 
nt  AmpliB  Conrt-Hiiiisp.  Virarinia.  fii  Alexander  Co.,  N,  Carolina,  in  apkindciil  irysials: 
in  Mitchell.  Miidison.  Burke,  and  McDowell  counties,  obtained  in  large  qiiuntliies  iu  rolled 
grjini  by  wiihbing  tlic  gravels. 

Mimii/.iie  i«  named  front  imyiileii'.  i"  be  tolClarp.  in  allusion  lo  its  rare  occurrence, 

Cri/pMitf  occurs  In  winc-ycllow  priame  and  grains  in  the  gr-rn  and  red  apalile  of 
Arenilal,  Norwny.  and  is  discovered  on  pulling  llie  apatite  in  dilute  nilHc  ncid.  It  i* 
prolmlily  monazite. 

Berzelilte.  RiAs.O.dt  =  Ca.McMn)  Isnmeiric.  usually  mnssive.  G  =  4  03,  Onlor 
briehl  yellow.  From  L&nghan,  Sweden.  Pj/rrhnmenUe  froni  the  Sj6  mines.  Sweden,  con- 
'!iiii-  iiiso  antimony:  rolor  yeilrmish  red.  Caryinite,  associated  wilh  berielille,  is  related, 
but  contains  lead;  massive  (monocUnlc)' 
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Bfonimolite.  An  antimoDate  of  lead,  irou,  and  sometimes  calcium;  in  part,  RaSbtOi. 
Usually  in  octahedrons;  massive,  incrusting.  G.  =  6*58.  Color  yellowish  or  brownish 
green.     From  the  Harstig  mine,  Pajsberg. 

Oarminite.  Perhaps  Pbt AssO*.  10FeAsO4,  In  clusters  of  fine  needles;  also  in  spheroi- 
dal forms.  O.  =  4105.  Color  carmine  to  tile-red.  From  the  Luise  mine  at  Horhauaen, 
Nassau. 

Pncherite.  Bismuth  vanadate,  Biy04.  In  small  orthorhombic  crystals.  H.  =  4. 
G.  =  6  249.     Color  reddish  brown.    From  the  Pucher  Mine,  Schneeberg,  Saxony.  • 


Triphylite  Group.    Orthorhombic. 

d  :h  :  6 

Triphylite  Li(Fe,Mn)PO,  0*4348  :  1  :  0-5266 

LithiophiUte  Li(Mn,Fe)PO, 

HatrophiUte  NaMnPO« 

Orthophosphates  of  an  alkali  metal^  lithiam  or  sodiam,  with  iron  and  man- 
ganese. 

TRXPHYIiTrE-LITHIOPHILITB. 

Orthorhombic.  Axes  d  :h  :  6  =  0*4348  :  1  :  0'5265.  Crystals  rare,  usually 
coarse  and  faces  uneven.     Commonly  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  b  nearly  perfect;  m  interrupted.  Fracture  uneven  to 
subconchoidal.  H.  =  4  5-5.  G.  =  3*42-3 '56.  Luster  vitreous  to  resinous. 
Color  greenish  gray  to  bluish  in  triphylite;  also  pale  pink  to  yellow  and  clove- 
brown  in  lithiophilite.  Streak  uncolored  to  grayish  white.  Transparent  to 
translucent. 

Gomp.,  Var. — A  phosphate  of  iron,  manganese  and  lithium,  Li(Fe,Mn)PO^, 
varying  from  the  bluish-gray  triphylite  with  little  manganese  to  the  salmon- 
pink  or  clove-brown  lithiophilite  with  but  little  iron. 

Typical  TripliyliU  is  LiFePO*  =  Phosphorus  pentoxide  450.  Iron  protoxide  46-5.  HthU 
9-5  =  100.  Typical  Lithiophilite  is  LiMnPO*  =  Pboephorus  pentoxide  45-8.  manganese 
protoxide  451,  lithia  96  =  100.     Both  Fe  and  Mn  are  always  present. 

Pyr.,  etc.— Iq  the  closed  tube  sometimes  decrepitates,  turns  to  a  dark  color,  and  gives 
o£F  traces  of  water.  B.B.  fuses  at  1-5.  coloring  the  flame  beaufifnl  lithia-red  in  streaks, 
with  a  pale  bluish  green  on  the  exterior  of  tbe  cone  of  flame.  With  the  fluxes  reacU  for 
iron  and  manganese;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  in  hydro- 
chloric acid. 

I  9^— ^^f^yg^^.isoften  associatpd  wi<h  snodnmene:  oomrs  a*  Hnbenstein.  near  Zwie- 

sel,  in   Bavaria;  KeityO   Finland;  Norwich.  Mas8.:  Peru.  Me  :    Grafton,  N.  H.     Named 

"^.ff^    xv^^*'"'*  *°°  0nA77./im%.  in  allusion  lo  its  containing  tlirfe  phosphates. 

Li^itaphtliie  occurs  at  Branchville,  Fairfield  Co  .  Conn.,  in  a  vein  of  alMtic  gninitc.  with 

spodjiraene,  manganese  phosphates,  etc.;  also  at  Norway,  Me.    Named  from  liihium  and 

Natrophilite.  NaMnPO^.  Near  triphylite  in  form.  Chiefly  massive.  cle^Table. 
field"co    Con      "^  ^^^  wine-yellow.    Occurs  sparingly  at  Branchville,  IVtir- 

Beryllonite.  A  phosphate  of  sodium  and  beryllium.  NaBePO*.  Crystals  short  pris- 
matic to  tabular  orthorhombic.  H.  =55-6.  G.  =  2-845.  Luster  vitreous;  on  e  pearly. 
Coloriess  to  white  or  pale  yeUowish.    From  Stoneham,  Maine. 
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General  formula 
Apatite 

Pyromorphite 

Mimetite 

Vanadinite 


Apatite  Group. 

R.(F>01)[(P,Afl,V)0J,  =  (B(F,Cl))B,[{P,As,V)OJ,; 

(CaF)Ca,(PO  J,        Fluor-apatite  i  =  0-7346 

Ghlor-apatite 


or  {CaCl)Ca,(POJ, 
(PbCl)Pb,(PO  J . 
(PbCl)Pb,(A80J. 
(PbCl)Pb,(VOJ. 


0-7362 
0-7224 
0-7122 


III  addition  to  the  above  species,  there  are  also  certain  intermediate  compounds  contain- 
ing lead  and  calcium;  others  with  phosphorus  aud  arsenic,  or  arsenic  and  Tanadium,  us 
noted  beyond.  Further  the  rare  calcium  arsenate,  Svabite,  also  seems  to  belong  in  this 
group. 

The  species  of  the  Apatitb  Gboup  crystallize  in  the  hexagonal  system, 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching-figures,  that  they 
belong  to  the  pyramidal  group  (p.  71).  They  are  chemically  pho8j)hates, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaF  (or  CaCl),  etc.,  in  general  BF  (or  BCl),  replacing  one  hydrogen  atom  in 

I  n       n 

the  acid  R,(PO  J^  so  that  the  general  formula  is  (RF)B,(PO,)„  and  similarly 
for  the  arsenates.  This  is  a  more  correct  way  of  viewing  the  composition  than 
the  other  method  sometimes  adopted,  viz.,  3K,(P0  J,.BF„  etc. 


APATrm. 

Hexagonal-pyramidal.    Axis  6  =^  0-7346. 

933.  934.  936. 


936. 


f^^ 


n 


m 


m 


er,  0001  A  10i2 

e^,  0001  A  1011 

ep,  0001  A  2021 

rr',  1012  A  0112 


22*  59'. 
40*  18'. 
59'  29'. 
22*  31'. 


x^,  lOil  A  Olil 
#•.  1121  A  1211 
mM,  1010  A  2131 
wi#,  1010  A  1121 


937. 


87'  44J'. 
48"  60'. 
80"20'. 

44'  ir. 


Crystals  varying  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
globular  a?ul  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
massive,  structure  js^ranular  to  compact. 

Cleavasre:  c  imperfect;  m  more  so.  Fracture  conchoidal  and  uneven. 
Brittle.  H.  =  5,  sometimes  4*5  when  massive.  6.  =  3*17-3*23  cryst.  Luster 
vitreous,  inclining  to  subresinous.  Streak  white.  Color  usually  sea-green, 
bluish  green;  often  viblet-blue;  sometimes  white;  occasionally  yellow,  gray, 
red,  flesh-red  and  brown.  Transparent  to  opaque.  Optically  — .  Birefrin- 
gence low.     coj  =  1-6461,  €j  =  1-6417. 
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Var.— 1.  Ordinary.  Crystallized,  or  cleavable  and  granular  massive.  Colorless  to 
green,  blue,  yellow,  flesh-red.  (a)  The  asparoffut-atone,  originally  from  Murcia,  SpuiD,  is 
yellowisb  greeu.  MoiaxiU,  from  Areudjil,  is  in  greenish  blue  and  bluish  crystals,  {b) 
Laauraptitite  is  a  sky  blue  variety  with  lapis-lazuli  in  Siberia,  (c)  Francoiite,  from  Wheal 
Franco,  near  Tavistock,  Devonshire,  occurs  in  small  crystalline  stalactitic  masses  and  in 
minute  curving  crystals. 

Ordinary  apatite  is  fluor-apatite.  containing  fluorine  often  with  only  a  trace  of  chlorine, 
up  to  0  5  p.  c;  rarely  chlorine  preponderates,  and  sometimes  fluorine  is  entirely  absent. 

2  Manganapatite  contains  manganese  replacing  calcium  to  10*5  p.  c.  MnO;  color  dark 
bluish  green. 

3.  Hlyroua,  concretionary,  ttalnctiiic.  PfiotpJwrite  includes  the  fibrous  concretionary 
and  partly  scaly  mineral  from  Estremadura,  Spain,  and  elsewhere.  EupyrchroiU,  from 
Crown  Point.  N.  Y.,  belongs  here;  it  is  concentric  in  structure.  Siaffelite  occurs  iucriist- 
in^  the  phosphorite  of  Stalfel  in  botryoidal,  reniform,  or  stalactitic  masses,  fibrous  and 
radiating.     See  p.  499. 

4.  Earthy  apatite;  Osteolite.  Mostly  altered  apatite  ;  coprolites  are  impure  calcium 
phosphate. 

Comp.— For  Flnor'apatite  (CaF)Ca,(PO  ), ;  and  for  Chlor-apatite 
(CaCl)  Ca,(POJ,;  also  written  3Ca,P,0.  +  CaF  and  3Ca,P,0,  +  CaCl,. 
There  are  also  intermediate  compounds  containing  both  fluorine  and  chlorine. 
The  percentage  composition  for  these  normal  varieties  is  as  follows: 

Fluor  apatite    PaO*  42-3     CaO  55  5    F  3-8  =101  6    or  Ca,P,0,  92*25    CaP,    7  75=100 
Chlor-apatiU     PsO*  41  0    CaO  53  8    CI  6  8  =  101  «    or  Ca,P,0.  894      CaCl,  106  =  100 

Pluor-apatite  is  much  more  common  than  the  other  variety;  here  belongs  the  apatite  of 
the  Alps,  Spain,  St.  Lawrence  Co.,  N.  Y.,  Canada.  Apatites  in  which  chlorine  is  prom- 
inent are  rare;  this  is  true  of  some  Norwegian  kinds. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  wiih  difficulty  on  the  edges  (F.  =  4'5-5),  coloring 
the  flame  reddish  yellow;  moistened  with  sulphuric  acid  and  beated  colors  the  flame 
pale  bluish  green  (phosphoric  acid):  some  varieties  rear t  for  chlorine  with  salt  of  phos* 
iphorus,  when  the  bead  has  been  previously  saturated  with  copper  oxide,  while  others  give 
fluorine  when  fused  with  this  salt  in  an  open  class  lube.  Gives  a  phosphide  with  the 
sodium  test.  Dissolves  in  hydrochloric  and  niiric  acids,  yielding  with  sulphuric  acid  n 
copious  precipitate  of  calcium  sulphate;  the  dilute  nitric  acid  solution  gives  with  lead 
acetate  a  white  precipitate,  which  B  B.  on  charcoal  fuses,  giving  a  globule  with  crystnlliue 
facets  on  cooling.     Some  varieties  of  apatite  phosphoresce  on  heating. 

Diflf.— Chnracterized  by  the  common  h<  xagonnl  form,  hut  softer  than  beryl,  being 
scratched  bv  a  knife;  does  not  effiTvcsce  in  acid  (like  calcite);  difficultly  fusible;  yields  a 
green  flame  B  B.  after  beincr  moistened  with  sulphuric  ncid. 

Recognized  in  thin  sections  by  its  moderately  high  relief:  extremely  low  birefriDgence 
(hence  not  often  sliowinsr  a  distinct  axial  figure  in  basal  sections),  the  interference  coloia 
in  ordinary  sections  scarcely  risins^  above  gray  «f  the  first  order;  parallel  extinction  and 
negai  ivc  extension :  columnar  form :  lack  of  color  and  cleavage;  and  by  the  rude  cross  parting 
seen  a«  occasional  cracks  crossins:  the  prism. 

Obs— Apatite  occurs  in  rocks  of  various  kin^ls  and  asres.  but  is  most  common  m  meta- 
m^rnhfc  crvstalline  rocks,  esppciallv  in  ffvanular  limestone  and  in  many  metalliferous 
veins,  parlicnlarlv  tho«e  of  tin.  in  pneiss,  svenite.  hornblendic  gneiss,  mica  schist,  beds  of 
iron  '^ro;  orcasionnlly  in  sernenlinc  In  the  form  of  minute  microscopic  crystals  it  has  an 
almost  universal  distribution  as  a  rook-forminsr  mineral.  It  is  found  in  all  kmds  of  igneous 
rocks  and  «s  one  of  the  enrl'Vst  products  of  crvstallization.  In  larger  crystals  it  is  especially 
rhnmc'eristfc  of  the  necmntite  fncies  of  icrneous  rocks,  particularly  the  granites,  and  occurs 
there  n«>socinted  with  onnrtz.  feldspar,  tourmaline,  muscovite.  beryl,  etc.  It  is  sometimes 
nrps'^nt  in  ordinnrv  stratified  limestone,  beds  of  sa*  dstone  or  shale  of  the  Silur'an.  Carbon- 
iforous  Jurassic,  C'-etaceous,  or  Tertiary      It  has  been  observed  as  the  petrifying  material 

of  wood.  ^  ,  '        V.     ^ 

Amone  its  localities  are  Ehrenfriedersdorf  in  Saxony;  Schwarzeustem,  the  Knappen- 
-ivnnl  in  Untersnl^bachthal  in  the  Tyrol  ;  St.  Gothard,  Tavetsch.  etc.,  in  Switzerland; 
Mti««a  Alp  in  Piedmont,  white  or  colorless;  Zinnwald  and  Schlackenwald  in  Bohemia:  in 
Encrlind  in  Cornwall,  with  tin  ores;  in  Cumberland  at  Carrock  Fells;  in  Devonshire, 
crcnm-colored  at  Bovey  Tracev.  R"d  at  Wheal  Franco  (francoiite).  The  a$paragu99lon4  or 
spargeUUin  of  Jumilla,  in  Murcia,  Spain,  is  pale  yellowish  green  in  color.    Large  quanti- 
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ttes  oF  aprttile  are  mined  id   Norway  at   KnigiTO;  also  at   Odegaaid.  oeiiT  Bumk-,   auil 

lu  Miiint,  Kii  Long  Islanci.  Bliiehill  Bny.  In  ilT.  Ilamp.,  West m ore Pniid.  In  Maa.,  ut 
Norwich;  iti  Biiltuti  iibuDiiiiiiL  lu  Giiin.,  at  Briiuchville  {imiiigaruipatiU).  nieu  greiuiuli 
white  ami  colurless.  In  Nea  York,  coiiiiiiod  in  St.  LHwreiicv  Cu,,  in  granular  lllneKluue; 
iilso  Ji'ffursoii  Co.;  Sikutlford  luiue.  ¥.x\f\  Moriali,  Kitsex  Cu,,  iu  inii);'>i-'til<-;  near  EOenxille, 
OriiiL"-  Co  In  Pcna.,  at  LeiljervilJe.  Delaware  Co.;  iu  Cliesler  Co.  In  2^.  faroiiiia.M 
Sion/Poiut.  AluxainlerCo.,  cte. 

In  cxti'tiHive  lieds  m  ilie  Laiirentiaii  giieisg  of  Ciiuada.  UBuallj'  asiiociBted  wild  timesUiue, 
anil  ;ii'eiMiiji:iiiie<l  li^  |>jroxetij,  iiDipliiliole,  illuutle,  zircon,  guruei,  Tesuvlauiie  and  uianjr 
otiier  s|>et:l(ii.  Pr<>ii]ineiil  iiiiiiva  are  iu  Ottawa  County.  Quebvo.in  Ibe  towuslii|i$of  Buck- 
iiigii.im,  Ttnnpli-loii,  Portlimd,  Hull,  aud  Waki-field.  Also  iu  |{enli«w  county,  Uottirio, 
au<l  in  Lniiirk,  Leeds,  luid  Pronieimc  counilee. 

Apntlie  yum  uaineil  by  Weiner  from  liicarcletr,  to  deceitt,  older  niinemlogisls  Ijiiviug 
rererri'il  it  lu  aqii;iiiiiiriuu,  chrysolite,  iiuietliyst,  Iluor,  U'hurl,  etc 

li^-,ide$  tlie  deQiiiLS  mintral  pho»pliaU».  including  normii]  apatite,  piiospborite.  etc, 
there  are  nUn  exieneive  de|iOHils  o[  amorphous  pliuapbuteH.  coimiBtinj,'  larKilyof  "  buiiu 
phospli:<1B"  (CiiiPiO.).  of  great  euoooinic  iinpiirt:uice,  though  not  hnving  a  deliuile  ci.einl- 
4.-al  ciiiiip'>sili'<n  aud  hence  not  Hliictly  belnnging  to  pure  inintraluf.'j.  Here  belong  the 
plio^phalii;  nodules,  coprulttes.  bone  bcHia,  guauo,  etc.  Elleusive  phi«]>halic  ue[>o»ilit  idao 
<n:vMX  in  Nurth  Cnruliua,  Alabama  mid  Florida,  OiiaDO  is  bone  pbosptiute  of  lime,  mixed 
wiib  the  hydrous  phospbalei.  und  generally  wllh  lome  olciuni  curbuuute.  aud  ofteu  a 
littl"  iii.iguesia,  aliiiiilnii,  imn.  Hilicii,  gypaniu  anil  otber  impuriiirs. 

t^TAh'FEMTiE.  A  Carbonated  calcium  pliospbHte.  Occurs  iucrustiiig  the  pbospborile  of 
Staff^l.  ill  bi>tryoidil  or  glnlncliLic  iniutttra,  dbrons  ami  r.idiatiiig;  it  Is  the  result  oF  the 
ncliun  of  c»rlH)nated  walern.  H.  =  4.  O,  =  3  123  Color  leek  to  durk  greeu,  greeubli 
yellow.     D-ikUiU,  from  Bamle,  Nor^ray,  is  similur. 

PTROMORPHTTE.     Green  Leail  Ore.    GrQDbloicH  Qerm. 
lle^iiffouftl  pyramiditl.     Axis  i  =  0  7363. 

Orvstitls  {jrisiiiittic,  afteii  in  rouuded  barrel -shatied  forme;  also  in  branch- 
ing  grouiw  of  pridiii:itic  crystals  in   neatly  parallel   position,  j^g. 

tai>ering  dcuvn  to  a  slender  poiut  Often  globular,  reiiiform, 
and  botrvoidal  or  verniciforiu,  with  aeually  a  subcolumnar 
structtiru:  :ilso  fibioiH,  and  granular. 

CIcat-Ltge  :  »«,  .cfloTl)  in  traces.  Fracture  eubconchoidal, 
uneven.  Uriltle.  H.  =  3'5-4.  G.  =  Oo-7'l  mostly,  when 
pure:  5'D-()'J,  wlien  containing  lime.  Luster  resinoiia.  Color 
green,  yellow  and  brown,  of  different  shades:  sometimes  wax- 
yellow  iind  tine  orange-yellow  ;  also  grayish  white  to  milk- 
whito.  Streak  white,  sometimes  yellowish.  '  Sub  transparent  to 
subtrunslncent.     Optically  — . 

Var.  — I.  Ordinary,   {a)  In  ergipiU  as  described  ;  sometimes  vellow  sud 
in  rounilf'il  Forms  reMsmblltig  catnpytite  (pteudo-eampgUU),    (b)  In  neiculnT 
and  moM-fiil-e  iicgregiitlons.     te.)  Coni-rfdiinicy  groups  ot  mnsnes  of  (Tys. 
mis.    having    tiiii    sitrfiioe    angular.      Irf)  Fibroin.      «)  Granular   mnttite.     (/)  Earthy; 
lucruviing, 

2.  Polytfiharitf.  Contaiiilng  limf:  color  broirn  of  diffci'ent  sbades,  yellowish  griiT. 
pale  vellow  to  nearly  white:  sirenk  white:  G.  —  5S9-6-44.  Rnrelv  in  siepjinile  crysliifii; 
usually  ill  gnni|w.  globulnr.  niiimmillnry.  verruciform.  Mi'Silr.  frWlrties  in  Bobeinin,  U 
a  bi'owu  variety.  JVuHuriYt  loiimilar  and  impure,  from  XllB.1i^re,  near  Bciiujeu  Pmnce 
color  yellow,  greeni«h  or  gniyish;  G.  -  iWi.  B.  Vhromiffroux;  color  biillljiut  ri'd  and 
orange.  4.  ArMufftmut;  color  greeu  to  white;  G.  =  0'5-6  6.  S.  I^tudomorphoiit  ;  (n) 
after  gnlena:  i6l  eeruwile. 

Comp.— (PbCI)Pb.(PO.),  or  also  written  3Pb,P,0..PbGl  =  PbosphoruB 
pentoxiile  15-7,  lead  protoiide  83'2,  chlorine  2'6  =  1005,  or  Lead  phosphate 
89-7.  lead  chloride  10-3  =  100. 
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The  phosphorus  is  often  replaced  by  arsenic,  and  as  the  amount  increases  the  species 
ises  into  mimetite.    Calcium  also  replaces  the  lead  to  a  considerable  extent. 

P3rr.,  etc. — In  the  closed  tube  ^ives  a  white  sublimate  of  lead  chloride.  B.B.  in  the 
forceps  fuses  easily  (F.  =  1*5),  coloring  the  flame  bluish  green;  on  charcoal  fuses  without 
reduction  to  a  globule,  which  on  cooline  assumes  a  crystulliue  polyhedral  form,  while  the 
coal  is  coated  white  from  chloride  and,  nearer  the  assay,  yellow  from  lend  oxide.  With 
soda  on  charcoal  yields  metallic  lead;  some  varieties  coulaiu  arsenic,  and  give  the  odor  of 
garlic  in  R.F.  on  charcoal.  With  salt  of  phosphorus,  previously  saturated  with  copper 
oxide,  gives  an  azure-blue  color  to  the  flame  when  treated  in  O.F.  (chlorine).  Soluble  in 
nitric  acid. 

Di£L — Distinguished  by  its  hexagonal  form;  high  specific  gravity;  resinous  luster; 
blowpipe  characters. 

Obs. — Pyromorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  lead. 
At  Poullaouen  and  Huelgoet  in  Brittany;  at  Zschopau  and  other  places  in  Saxony;  at 
Pfibnim,  Bleistadt.  in  Bohemia;  in  fine  crystals  nt  Ems,  Braubach,  in  Nassau;  also  at 
Derubach  in  Nassau;  Berezov  in  Siberia;  in  the  Nerchinsk  mining  district;  Cornwall, 
green  and  brown;  Devon,  gray;  Derbyshire,  green  and  yellow;  Cumberland,  golden 
yellf)w,  in  England;  Leadhills,  red  and  orange,  in  Scotland. 

In  the  U.  S.,  has  been  found  very  fine  nt  Pbenixville,  Pa.;  also  in  Maine,  at  Lubec  and 
Lenox;  in  New  York,  a  mile  south  of  Sing  Sing;  in  Davidson  Co.,  N.  C,  also  in  Cabarrus 
and  Caldwell  Cos. 

Named  from  nvp,  lire,  iiop4>rf,  farm,  alluding  to  the  crystalline  form  the  globule 
assumes  on  cooling.    This  species  passes  into  mimetite. 

MHiSBTITB. 

Hexagonal-pyramidal.    Axis  i  =  0*7224. 

Habit  of  crystals  like  pyromorphite;  sometimes  rounded  to  globular  forms. 
Also  in  mam  miliary  crusts. 

Cleavage  :  x  (lOll)  imperfect.  Fracture  uneven.  Brittle.  H.  =  3-5. 
6.  =  7 •0-7*25.  Luster  resinous.  Color  pale  yellow,  passing  into  brown; 
orange-yellow;  white  or  colorless.  Streak  white  or  nearly  so.  Subtrans- 
parent  to  translucent. 

Var. — 1.  Ordinary,  (a)  In  crytaU,  usually  in  rounded  affji^regates.  (d)  Cnpillar^  or 
filamentous,  especially  marked  in  a  variety  from  St.  Prix-sous-^uvray,  France:  somewhat 
like  asbestus,  and  straw-yellow  in  color,    (e)  (hneretionary. 

Campylite,  from  Drygill  in  Cumberland,  has  G.  =  7*218.  and  is  in  baiTel-shaped 
crystals  (whence  the  name,  from  KirunvXoi,  evrted),  yellowish  to  brown  and  browDish 
red;  contains  3  p.  c.  P^Oft. 

Comp.—(PbCl)Pb,(A80 J,,  also  written  3Pb,A8,0..'PbCl,  =  Arsenic  pent- 
oxide  23*2,  lead  protoxide  74*9,  chlorine  2*4  =  100*5,  or  Lead  arsenate  90*7, 
lead  chloride  9-3  =  100. 

Phosphorus  replaces  the  arsenic  in  part,  and  calcium  the  lead.  EndlichUe 
(p.  501)  is  intermediate  between  mimetite  and  vanadinite. 

P3rr..etc — In  the  closed  tube  like  pyromorphite.  B  B.  fuses  nt  1,  and  on  charcoal 
^ves  in  R.F.  an  arsenical  odor,  }ind  is  ensil}'  reduced  to  metallic  lend,  coating  the  coal  at 
first  with  lead  chloride,  and  later  with  nrsenic  trioxidc  and  lead  oxide.  Gives  the  chhidne 
reaction  as  under  pyromorphite.     Soluble  in  nitric  acid. 

Obs. — Occurs  near  Redruth  and  elsewhere  in  Cornwall;  Beer  Alston.  Devonshire; 
in  Cumberland:  near  Pontgibaud.  Puy-de-D6me;  at  Johnnngeorgeustiidt.  in  line  yellow 
crystals;  at  Nerchinsk,  Siberia;  at  Zinnwald;  L&ngbau,  Sweden;  at  the  Brookdale  mine* 
Phenixville.  Pa. 

Named  from  muTfrtf^,  imitator,  it  closely  resembling  pyromorphite. 

VANADINITI3. 

Hexagonal-pyramidal.     Axis  i  =  0'7122. 

Crystals  prismatic,  with  sosooth  faces  and  sharp  edges;  sometimes  cavern- 
ous, the  crystals  hollow  prisms;  also  in  rounded  forms  and  in  parallel  group* 
ings  like  pyromorphite.     In  implanted  globules  or  incrustations. 
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Fraotiire  aneven,  or  flat  conchoidal.     Brittle.     H.  =  2-75-3.     G.  =  6-66- 
7*10.     Luster  of  Bnrfaoe  of  fracture  resinous.      Color  deep  rnby-red,  light 
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brownish  yellow,  atraw-y ell ow,  reddish  browD.     Streak  white  or  yellowish. 
Sub traiishi  cent  to  opaque. 

Comp.— (PbCl)Pb,(VO,),,  also  written  3Pb,V,0..PbCl,  =  Vanadium  pent- 
oxide  19-4,  lead  protoxide  78-7,  chlorine  8'5  =  100-6,  or  Lead  vanadate  90-2, 
lead  chloride  9-8  =  100. 

Phosphorus  is  sparingly  present,  also  sometimes  arsenic,  both  replacing 
Tanadium.     In  endlichite  the  ratio  of  V  :  As  =  L  :  1  nearly. 

Pyr..  Bte.^In  the  cligei!  tulie  decrepllMes  aud  yields  a  (uiutwiilie  sublimale.  B.B. 
Tuaea  easily,  aod  on  clinrcmil  to  a  black  lustrous  niasi.  wtilcU  In  R.F.  yields  mutiillic  lead 
and  a  coating  of  lend  c'llnride;  after  completely  oxidizing  the  lead  In  O.F.  tbe  bJack 
re^due  glTea  with  sail  of  phoiptionis  an  ema raid- green  bond  lu  R.F.,  which  becumea  IlKbt 
yellow  Tu  O.F.  Olies  the  chloilDe  reaclioo  with  Ilie  copper  te».  Duconipoaed  bf 
bydrochlorie  acid. 

Ob*. — First  discovered  at  ZlinnpaD  in  Mexico.  Lal«r  obtafned  at  Wanlockhcad  in 
Dumfriesshire;  also  at  Beruzov  In  Ibe  Ural,  wllb  pyTomoTpfalle;  and  near  Eappel  ia 
CarlullJiH,  iu  crystals;  at  UndenOa,  BClet,  Sweden.  Id  the  Slerni  ile  Ctirdoba.  Argentine 
Republic. 

Ill  tile  U  States,  iparlngly  near  Sing  Sing.  N.  T.  Abundant  in  the  mining  region*  of 
Aris!cni!i  Mirl  New  Mexico,  often  associated  wilh  wulfenite  and  deaclolzile;  fn  Ariiona,  at 
the  Kiiue!-  ill  Yuma  Co.,  in  brilll-int  deep  red  crystals;  Vulture,  Phoinix,  etc..  in  Maricopa 
Co.;  llie  Mummoili  (fold  mine,  near  Oracle.  Pinnl  Co.  In  New  Mexico,  at  Like  Talley, 
Sierra  Co.  (eitdlie/tile);  and  tlie  Miuibres  mines  near  Georgelown. 

HEDTPnANB  From  LAngbaii,  Sweden:  bns  ordlnnrily  been  Included  ns  a  calcium 
varieiy  of  mimetlle,  but   is  now  made  monocllDic.     Massive,  cleavftWe.     Color  yellowUi 

8Tabit«  A  calcium  arsenate,  related  "o  the  species  "f  the  Apatite  Group.  Cryatala 
hexagonal  prisma;  colorless;  i  =  0'7H3.     H.  =  6.     Q.  =  8-52.     From  the  Rarstig  mine, 

Pajsberg.  Sweden. 


Wagnerlte  Oroap.     Monoclinic. 


{MKF)MgPO. 

(RP)R?0„  R=Fe:Mn  =  ! 
Triploidite  (R0H}RPO.,  R  =  Mn  :  Fe  = 
AdeUte  (MgOH)CaABO. 

{MgF)CaA80. 

(MnOHjMnAsO, 


Vagnerite 
Triplite 


Tilaaite 
Saikinite 


19X45  :  1  :  15059;  71"  53' 
:  1, 1  : 1.  etc. 
3:1    1-8573  :  1  :  1-4925;  71°  46' 

2-1978  :  1  :  1-5642;  73"  15' 


2-0017:  1  : 1-5154;  62"  13i' 
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Phosphates  (and  arsenates)  of  magnesium  (calcium),  iron  and  manganese 
containing  fluorine  (also  hydroxyl).     Formula  K.FPO^  or  (RF)RPO^,  etc. 

WAONERITIS. 

Monoclinic.  Azes^  see  p.  501.  Crystals  sometimes  large  and  coarse.  Also 
inassive. 

Cleavage:  a,  m  imperfect;  c  in  traces.  Fracture  uneven  and  splintery. 
Brittle.  H.  =  5-5*5.  G.  =  30T-3-14.  Luster  vitreous.  Streak  white. 
Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red,  greenish. 
Translucent. 

Comp. — A  fluo-phosphate  of  magnesium,  (MgF)MgPO^  or  Mg,P,0,.MgF, 
=  Phosphorus  pentoxide  43*8,  magnesia  493,  fluorine  11'8  =  104  9.  deduct 
^0  =  2F)  4  9=  100.     A  little  calcium  replaces  part  of  the  magnesium. 

Pyr..  etc. — B.B.  iu  the  forceps  fuses  al  4  to  a  greeiiisli-gmy  glass;  inuisteued  with 
sulphuric  acid  colors  ibe  tlame  bluisli  green.  Willi  borax  reacts  for  irou.  On  fudioii  with 
soda  effervesces,  but  is  not  completely  dissolved;  gives  a  fni-it  manganese  reaction.  Fused 
with  salt  of  phosphorus  iu  an  open  glass  tube  reacts  for  fluorine.  Soluble  iu  nitric  aud 
hydrochloric  acids.     With  sulphuric  acid  evolves  fumes  of  hydrofluoric  acid. 

Ob». —  Wugnerite  (in  small  higbly  moditied  crystals)  occurs  in  the  valley  of  HOlien- 
graben.  near  Werfen,  in  Salzburg.  Austria,  KJ ^ "uljine  {iwia^^'wi.',  cleavable;  also  iu  coarse 
-crysbds)  is  from  Kj5rrestad,  near  Bamle,  Norway. 

Spodiosite.  A  calcium  fluo-phosphate,  |>erlmps  (CaF)CaP04.  In  flattened  prismatic 
crystals.     G.  =  284.     Color  ash-gray.     From  the  Krangrufva,  Wermland,  Sweden. 

TRIPIilTB. 

Monoclinic.  Massive,  imperfectly  crystalline.  Cleavage:  unequal  in  two 
directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Fracture 
small  conchoidal.  II.  =  4-5  S.  G.  =  3*44-3 -8.  Luster  resinous,  inclining  to 
adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray  or 
brown.     Subtranslucent  to  opaque. 

Comp.,  Yar — (RF)RPO,  or  R,PJC)..RF,  with  R  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  Fe  :  Mn  =  1  :  1  to  2  :  1  (zwieselite);  1  :  2; 
1:  7. 

Talktriplite  is  a  variety  from  HorrsjOberg;  contains  magnesium  and  calcium  In  large 
amount. 

Pyr.,  etc. — B.B.  fuses  easily  at  15  to  a  black  magnetic  globule;  moistened  with 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  in  O.F.  cives  an  ameihysli De- 
colored glass  (manganese);  in  R.F.  a  strong  reaction  for  iron.  With  soda  reacts  for 
manganese.    With  sulphuric  acid  evolves  hydrofluoric  acid      Soluble  in  bydrochlorir  acid. 

Obs.— Found  by  Alluaud  at  Limoges  in  France;  Helsingfors,  Finland;  Stoneham. 
Maine:  Branchville,  Conn.  Zwieselite,  a  clove-brown  variety,  is  from  Habenstein.  uf-ar 
Zwiesfl  in  Bavaria. 

Gripihte.  a  problematical  phosphate  related  to  triplite  occurring  in  embedded  reni- 
forni  masses.     From  the  Riverton  lode  near  Harney  City,  Pennington  Co..  S.  DakoUi. 

Triploidite.  Like  triplite,  but  with  the  F  replaced  by  (OH).  Commonly  in  crystalline 
aggregates.  Fibrous  to  columnar.  H.  =  4*5-5.  G.  =  3-697.  Color  yellowish  to  reddish 
brown.     From  Branchville,  Fairfield  Co.,  Conn. 

Adelite.     (MgOHK'aAsO^.    Monoclinic.    Axes,  see  p.  501 ;  also  massive.   H.  =  5.  Q.  = 

3  74.     Color  gray  or  grayish  yellow.     From  Nordmark  and  L&ngban,  Sweden. 

Tilasite.     Like  adelite,  but  contains  fluorine.     From  L&ngban. 

Sarkinite.     (MnOH^MnAsO^.     In  monoclinic  crystals;  al-o  in  spherical  forms.     G.  - 

4  17.  Color  rosered.  flesh-red,  reddish  yellow.  From  the  iron-mnnganese  mineH  of  Pajs- 
berir.  Sweden.  Polyarteniie  from  the  8j5  mine,  Grythytte  parish,  Orebro,  Sweden,  is 
<issentially  the  same. 
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Herderite.  A  fluophospbate  of  beryllium  and  calcium,  rCaF)BePOi  witb  (CaOG)BePO«. 
In  prismatic  crystals,  monoclinic  witb  complex  twinuiog.  H.  =  5.  O.  =  2'99-8'01. 
Luster  viueous.  Color  yellowisb  and  greeuisb  wbite.  From  tbe  tiu  miues  of  Ebreo- 
friedersdurf,  Suxouy;  also  at  Stouebaui,  Auburu  aDd  Hebrou,  Maiue. 

Hamlinite.  A  basic  pbosphate  of  alumiuiuui  and  strontium.  Id  colorless  rbombohedral 
crystals.  H.  =  4*5.  O.  =  »'16-8'2S.  Occurs  witb  berderite,  bertrandite.  etc.,  at  Stone- 
ham,  Maine. 

Diirangite.  A  fluoarsenate  of  sodium  and  aluminium,  Na(AlF)As04.  In  monoclinic 
crystals.     G.  =  3*94-4  07.     Color  orange-red.     From  Durango,  Mexico. 

AMBLYOONITB.     Hebronite. 

Tricliiiic.  Crystals  large  and  coarse  (Fig.  20,  p.  10);  forms  rarely  distinct- 
Usually  cleavable  to  columnar  and  compact  massive.  Polysynthetic  twinning 
lamellse  common. 

Cleavage:  c  perfect,  with  pearly  luster;  a  somewhat  less  so,  vitreous; 
e  (05l)  sometimes  equally  distinct ;  M  (lIO)  diflScult;  ca  =  75°  30',  ce  —  74** 
40',  cAf  =  92"  20'.  Fracture  uneven  to  subconchoidal.  Brittle.  H  =  6. 
O.  =  301-309.  Luster  vitreous  to  greasy,  on  c  pearly.  Color  white  to  pale 
greenish,  bluish,  yellowish,  grayish  or  brownish  white.  Streak  white.  Su|p- 
transparent  to  translucent. 

Comp.  —  A  flu o- phosphate  of  aluminium  and  lithium,  Li(AlF)PO^  or 
AlPO^.LiF  =  Phosphorus  pentoxide  47*9,  alumina  34*4,  lithia  10  1,  fluorine 
12  9  =  105-3,  deduct  (0  =  2F)  5*3  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydro xyl  part  of  the  fluorine. 

Pyr.,  etc. — In  tlic  closed  tul»e  yields  water,  wliich  at  a  bigb  beat  is  acid  aud  corrodes 
the  glass.  B.B.  fuses  easily  (nt  2)  with  inlumesceuce,  and  becomes  opaque  while  on  cooling. 
<Jolors  the  flume  yellowish  red  with  traces  of  green;  the  Hebrou  variety  gives  an  intense 
lithia-rofl:  moistened  with  sulphuric  ncid  gives  a  bluish  green  to  the  ilanie.  With  borax 
and  smU  of  phosphorus  forms  a  transparent  colorless  glass.  In  tine  powder  dissolves  easily 
in  sulphuric  acid,  more  slowly  in  hydr<»ehlorie  acid. 

IMff  — Disiinguished  by  its  easy  fusibility  aud  by  yielding  a  red  flame  B.B.,  from  feld- 
spar, barite.  calcite,  etc.;  also  by  the  acid  water  in  the  tube  from  spodumene. 

Oba — Occurs  nejir  Penig  in  Saxony:  Arendal.  Norway;  Montebras,  Creuze,  France. 
In  the  U.  Stales,  in  Maine.  «t  Hebron:  also  at  Paris,  Peru,  etc.;  Branchville,  C-^nn. 

The  name  amblygonite  is  from  d^t/HXii,  blunt,  and  yoyv,  angle. 

B.   Basic  Phosphates. 

This  section  includes  a  series  of  well-characterized  basic  phosphates,  a 
Tinmbor  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  repre- 
sented by  one  species  only,  the  little  known  monetite,  probably  HCarO^, 
see  p.  507. 

Oliveiiite  Group.     Orthorhombic. 

&  :  h  :  6 
Olivenite  Cu,(OH)AsO,  09396  :  1  :  0*6726 

Libethenite  Cu,(On)PO,  0-9601  :  1  :  07019 

Adamite  Zn,(OH)AsO,  09733  :  1  :  0'7158 

Pescloizite  (Pb,Zn),(OH)VO, 

d  :i:i  =  06368  :  1  :  0*8045  or  ^d  :  h  :  d  =  0*9552  :  1  :  0*8045 
Cuprodescloizite  (Pb,Zn,Cu)3(0H)V0, 

The  Olivenite  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
<5opper,  zinc,  and  lead,  with  the  general  formula  (ROH)RPO,,(ROH)RAsO„ 
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etc.  They  crystallize  in  the  orthorhombic  system  with  similar  form.  It  is  to 
be  noted  that  this  gronp  corresponds  in  a  measure  to  the  monoclinic  Wagnerite 
Group,  p.  501,  which  also  inclades  basic  members. 


OUVENITXZ. 

Orthorhombic.     Axes  a:l:t  =  0*9396  :  1  :  0-6726. 


942. 


mm"\  110  A  110  =  86'  26'. 
w,       101  A  101  =  tV  111'. 


«j'.  Oil  A  Oil  =  67"  51'. 
«f.  101  A  Oil  =  47**  34'. 


Crystals  prismatic,  often  acicular.   Also  globular  and  reniform, 

indistinctly  fibrous,  fibers  straight  and  divergent,  rarely  irregular; 

also  curved  lamellar  and  granular. 

Cleavage:    in,  b,  «  (Oil)  in  traces.     Fracture  conchoidal  to 

uneven.     Brittle.     H.  =  3.    G.  =  4*  1-4*4.     Luster  adamantine  to 

^/  vitreous;  of  some  fibrous  varieties  pearly.   Color  various  shades  of 

^^^J^     olive-green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish 

green;   also  liver-  and  wood-brown;  sometimes  straw-yellow  and 

gfayish  white.     Streak  olive-green  to  brown.     Subtransparent  to  opaque. 

Var. — {a)  Crystallized,  (b)  Fibrous;  fluely  aud  divergently  fibrous,  of  greeu»  yellow, 
brown  und  gray,  to  white  colors,  with  the  surface  sometimes  velvety  or  acicular;  found 
investing  the*  commou  variety  or  passing  into  it;  called  tooodeopper  or  wood  arunckU.  (c) 
Earthy;  nodular  or  massive;  sometimes  soft  enough  to  soil  the  lingers. 

Comp. — Cu,A8,0,.Cu(0n),  or  4CuO.As,O^.H,0  =  Arsenic  pentoxide  40*7, 
cupric  oxide  561,  water  32  =  100. 

Pyr..  etc. — In  the  closed  lube  gives  water.  B.B  fuses  at  2.  coloring  the  flame  bluish 
ffreen,  and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  charcoal  fuses  with 
deflagration,  gives  off  arsenical  fumes,  and  yields  a  metallic  arsenide  which  with  soda  yields 
a  globule  of  copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Ob«. — The  crystallized  varieties  occur  in  Cornwall,  at  various  mines;  Tavistock,  in 
Devonshire;  in  Tyrol;  the  Banal;  Nizhni  Tagilsk  in  the  Ural;  Chili.  In  the  U.  8..  in 
Utah,  at  the  American  Ea^le  and  Mammoth  mines.  Tintic  district,  both  in  crystals  and 
wood-copper.    The  name  olivenite  alludes  to  the  olive-green  color. 


UBETHENTTIS.  M3. 

Orthorhombic.     Axes  &:l:i  —  0*9601  :  1  :  07019. 

mm"\  110  A  110  =  87*  40*.  m'".  111  a  ill  =  59'    41'. 

«?',       on  A  Oil  =  70*    8'.  ««',    111  A  ill  =  6r  471'. 

In  crystals  usually  small,  short  prismatic  in  habit;  often 
united  in  druses.     Also  globular  or  reniform  and  compact. 

Cleavage:  «,  h  very  indistinct.  Fracture  subconchoidal 
to  uneven.  Brittle.  11.  =  4.  G.  =  36-3*8.  Luster  resinous. 
Color  olive-green,  generally  dark.  Streak  olive-green.  Trans- 
lucent to  sub  translucent. 

Comp.  — Cu,P,0,Cn(OH),   or    4CuO.P,O.H,0,  =  Phosphorus    pentoxide 
298,  cupric  oxide  664,  water  3*8  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  wjiter  and  turns  black.  B  B  fuses  at  8  and  colon 
the  flame  emerald -L'reen.  On  <harcoal  with  soda  givt^s  metallic  copper,  sometimes  also  an 
arsenical  odor.  Fused  with  metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with 
the  formation  of  lead  phosphate,  which  treated  in  R.P.  gives  a  cry!<:talliue  polyhedral  bead 
on  cooling.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Ob».— Occurs  with  chalcopyrite  at  Libethen,  near  Neusohl.  Hungary;  at  Rheiubreiten- 
bach  and  £hl  oo  the  Rhine;  at  Nizhni  Tagilsk  in  the  Ural;  in  small  quantities  In  ComwalL 
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Adamite.  ZDsAs«0s.Zn(0H)3.  In  ^mall  crystals,  of  ten  grouped  in  crusts  and  granular 
aggregations.  H.  =  3*5.  G.  =  4-34-4'35.  Color  boney-yellow,  yiolet,  rose-red,  green, 
colorless.  From  Cbafiarcillo,  Chili;  Cap  Garonne,  France;  at  the  ancient  zinc  mines  of 
Lrfiurion,  Greece. 

Descloizite.  R«y,0,.R(OH),  or  4R0.y,0».H,0;  R  =  Pb,  Zn  chiefly,  and  usually  in 
the  ratio  1 :  1  approz.  In  small  crystals,  often  drusy;  also  massive,  fibrous  radiated  with 
mammillary  surface.  H.  =  3*5.  G.  =  5'9-(S'2.  Color  cberiy-red  and  brownish  red,  to 
light  or  dark  brown,  bluck.    Streak  orange  to  brownish  red  or  yellowish  gray. 

From  the  Sierra  rle  C6idobii,  Argentina;  Kappel  iu  Cariuihia.  Abuudant  at  Lake 
Valley,  Sierra  Co.,  New  Mexico,  also  near  Georgetown:  in  Arizona  near  Tombstone;  iu 
Yavapai  Co. :  ai  ilie  Maniuioth  Gold  mine,  near  Oracle,  Piual  Co. 

A  uiassive  variety,  containing  copper  (6*5  to  1)  p.  c),  iu  crusts,  aud  reuiforni  masses  with 
radiated  structure,  occurs  in  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
Zaoatccas,  Mexico;  it  lias  been  variously  named  tritocharite,  euprodeseloistite,  ramirite.  A 
similar  variety  (11  p.  c.  CuO)  occurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  mine. 
Tombstone,  Cochise  Co.,  Arizoua. 

EusTNCHiTE  may  be  identical  with  descloizite.  Massive:  in  nodular,  stalactitic  forms. 
G.  =  5596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgnind  near  Frei- 
burg in  Baden.  The  same  may  be  true  of  arcBoxene  from  Dahn  near  Nieder-Schlettenbach, 
Khenish  Bavaria. 

Dkchenite.  Compositiou  usually  accepted  as  PbVtO*.  Massive,  botryoidal,  nodular. 
G.  =  5  6-0 '81.  Color  deep  red  to  yellowish  red  and  brownish  red.  From  Nieder-Schlet- 
ten  bach  iu  the  Lauterthal,  Uheuish  Bavaria. 

Oalciovolborthite.  Probably  (Cu,Ca),V,Os.(Cu,CaXOH),.  In  thin  green  tables;  also 
gray,  hne  crystalline  gninular.     From  Fried richsrode,  Thuringia. 

Brackebuschite.  Near  descloizite  (monocliulc?).  From  the  State  of  Cordoba,  Ar- 
gentina. 

Psittacinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Montana. 
In  thin  coatings;  also  pulverulent.     Color  siskin-  to  olive-green. 

3IOTTRAMITB.  A  Vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  velvety  black  incrustations.    From  Mottram  St  Andrew's,  Cheshire,  England. 


OLINOOLASITE.     Klinoklas.    Aphandse. 
Monoclinic.     Axes  a  it  :i  =  1-9069  :  1 :  3*8507;  /3  =  80°  30'. 

Crystals  prismatic  (m) ;  also  elongated  ||  i ;  often  grouped  in  nearly  spherical 
forms.     Also  massive,  hemispherical  or  reniform;  structure  radiated  fiorous. 

Cleavage:  c  highly  perfect.  Brittle.  H.  =  2-5-3.  G.  =  419-4-37;  4-37 
Utah.  Luster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internally 
dark  verdigris-green;  externally  blackish  blue-green.  Streak  bluish  green. 
Subtransparent  to  translucent. 

Comp — Cu,As,0..3Cu(0H),  or  6CuO.As,0,.3H,0  =  Arsenic  pentoxide 
30-3,  cupric  oxide  62-6,  water  7-1  =  100. 

Pyr.,  etc. — Same  as  for  olivenite. 

Obs.  -Qrcurs  In  Cornwall,  with  other  ores  of  copper.  In  Utah.  Tintic  district,  at  the 
Mammoth  mine.  Named  in  allusion  to  the  basal  cleavage  being  oblique  to  the  sides  of  the 
prism. 

Erinite.  Cu»As,Op.2CnrOH),  In  mammillnted  crystalline  groups.  Color  fine  emer- 
ald-green.    From  Cornwall;  also  the  Tintic  district.  Utah. 

Dihydrite.  Cu3P,0..2Cu(OH)3  In  dark  emerald-green  crystals  (monoclinic). 
H.  =  4-5-5.     G.  =  4-4-4.     From  Ehl  near  T.inz  on  the  Rhine;  the  Ural   etc. 

Pseudomalachite.  In  part  Cu,P,Or  8rn(0H>,.  Massive,  resembling  malachite  in  color 
and  structure.     From  Rheinbreltenbacli;  Nizhni  Tagilsk.  etc.     Ehlite  is  closely  allied. 

Ohondranenite.  Perhaps  MnsAp,0..3MnOH),.  In  small  embedded  grains.  Color 
yellow  to  reddish  yellow.     From  the  PaJ8l)er(j  mines.  Sweden. 

Xakthaksbnitb  Near  rhondrarsenito.  I)nt  contains  more  water.  In  sulphur-yellow 
grains;  massive.     From  the  SjO  mine,  parish  of  Orythytte,  Sweden. 
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D  U  FRBNITU.     Ernurite. 

Ortborhombic.  Grystala  rare,  small  and  indistincL  UsDally  maaaivA,  in 
nodules;  radiated  fibrous  with  druey  surface. 

Cleavage:  a,  probably  also  b,  but  iudistinct.  H.  =  3*5-4.  G.  =  3'2-3'4. 
Luster  silky,  weak.  Color  doll  leek-green,  olive-green,  or  blackish  green; 
alters  on  exposure  to  yellow  and  brown.  Streak  siakiu-greeD.  SubtransTucent 
to  nearly  opaque.     Strongly  pleochroic. 

Comp.— Doubtful;  in  part  FePO..Pe(OH),  =  2Fe,0,.P,0,.3H,0  =  Phoa- 
phoriia  peutoxide  27*5,  iron  seaquioiide  62-0,  water  lO'S  =  lOU. 

Pyr.,  sto.— SaiDe  U  for  vivisniCt:,  but  lem  water  in  given  out  in  tbe  closed  tube.  B.B. 
fuaeij  easily  tu  a  sing. 

Obi.  — OccurB  near  Aoglar,  Dept.  of  Haute  VIenue,  and  at  Hlrecbberg  In  We^lpb&Uai 
from  the  ItoihlBufcbeu  niuie  D«ar  Waldginnes;  St.  Bi  aigua,  BobemU;  East  diruwall. 
In  the  United  Slates,  ut  Alleutown,  N.  J.;  in  Rocbbndge  Co.,  Va..  in  radiated  cauntly 

XiAZUI>ITB. 
Monoclinic:  Axes  A:h:i  =  0*9750  :  I  :  1-6483;  /S  =  89°  14'. 

M4.  at.     100  A  101  =  SO"  34'.  «",   ill  A  ill  =  80*  SO*. 

fPf/,  111  A  lil  =  78°  40".  pe.    Ill  A  111  =  82"  SO". 

Crystals  usually  acute  pyramidal  in  habit.     Also  naaas- 
ive,  granular  to  compact. 
Cleavage:     prismatic,    iudistinct.       Fracture    uneven. 
Brittle.     H.  =  5-0.     G.  =  3-057-3I22.      Luster  vitreous. 
Color  azure-blue;  commonly  a  fine  deep  blue  viewed  along 
one  axis,  and  a  pale  greeuish  blue  along  another.     Streak 
white.     Subtransluceiit  to  opuque, 
Comp.— RA1,(0II),P,0.  or  2A1P0.  (Fe.Mg)(OH),  with 
Fe  :  Mg(Ca)  =  1  :  13, 1 :  6,  1  :  2,  2  :  3  (Eg).   For  I  :  2  tbe 
formula  requires :  Phosphorus  peutoxide  45'4,  alumina  32  6, 
iron  protoxide  7  7,  magnesia  8'5,  water  5'8  =  100. 
Pyr.,  ote.— In  the  closed  tube  whilpiiB  aoil  yidds  water.     B  B,  with  cobullsolulton  the 
blue  color  of  ibf  mlDeral  h  restored.     In   tbe  foiceps  «  bilens,  cthcIis  open,  swells  up.  and 
wiibout  fusion  falls  lo  pieceB.  coloriug   Iho  fltinie  biuisL  green.     The  green  color  is  made 
more  luCense  by  moiatening  ihe  nswy  with  Eulphuric  acid.     With  ibe  fluxes  f^lves  au  iron 

fllftEis;  willi  soda  on  charcoal  nn  infusible  mass,  L'liuried  upon  by  ncida.  relsitjlug  perfeclly 
ts  blue  color. 

Ob«. — Occurs  near  Werfen  iu  Salzburg;  Krieglacli,  tu  Slyrla;  also  HorraJCberg,  Sweden. 

Abundant  with  corundum  at  Crowder's  Ml.,  Gastou  Co.,  N.  V.;  iind  on  GravM  Ht.. 
Lincoln  Co..  On,,  witb  cvanite,  rutile,  etc. 

Tlie  tiiinie  InzutUeis  derived  from  an  Arabic  word,  atvl,  meaning  A««wn,  and  alludes  to 
thecoli.ronbemiLiLTiil. 

Tavistocldte.  Cii]I>,0>.2AU0H),.  In  mlcruscopic  aclcular  crystals,  sometimes  stel- 
late j-roiips.    Ci>1or  wtiiie.    Prom  Tavialotk,  Devonsbire. 

OirroUte.  Perhaps  C^,AliPO.),.Al(OH),.  Compact.  G.=308.  Color  i«ile  yellow. 
Occun  at  the  ir>>n  mine  at  Westauft,  in  Scnnin.  Sueileii. 

An«DiosIdsrit«.  Ca,Fe(AsO.),.8FelOH)i.  In  yellowish  brown  fibrous  coucrettuna 
G.  =  3'530.     Froui  RomanSche.  near  Mdcon,  France;  also  at  Schneeberg.  Sazoity. 

AllaoUte.  Ma>ABtOt.4MD(OH)t,  In  Rmiill  t>row[iish-red  prismaltc  ciyilsls.  Fiom 
the  Moss  mine.  Nordmark.  and  al  L&ngban,  Swpden. 

Synadelphlte.  2(AlMn)AsO,  5Mn(0H),.  In  prismnlic  crystnlx:  also  In  grains.  G.= 
8-4V..1'ftO.     Color  brownish  black  to  black.     From  the  Moss  mine.  Nordmark   Sweden. 

Flinklte.    MuAsO<.2Mii(OH)i.    In  minute  orihorbombic  crystals,  talnilar  |  e;  grouped 
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in  feulher-like  aggregates.     G.  =  3-87.     Color  greenish  brown.    From  the  Harstig  mine, 
Pajsberg,  SwOTen. 

HematoUte.  Perhaps  (Al.Mii)AB0«.4Mn(0H),.  In  rhombohedral  crystals.  G.  = 
8  30-3  40.  Color  brownish  red,  black  on  the  surface.  From  the  Moss  mine,  Kordmark, 
Sweden. 

Retzian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho- 
rhombic  crystals  H.  =4.  G.  =  415.  Color  chocolate-  to  chestuutpbrown.  Prom  the 
Moss  uiiue,  Nonlinark,  Sweden. 

n  ui  n  ni 

Anieniopleite.  Perhaps  li.R,(0H).(As04)«:  R  =  Mu,  Ca,  also  Pb.  Mg;  R  =  Mn, 
also  Fe  Massive,  cleavable.  Color  brownish  red.  Occurs  at  the  SjO  mine,  Grythytie 
parish.  Sweden,  with  rhod.'nite  in  crystalline  limestone. 


Manganostibiite.  Hematostibiite.  Highly  basic  manganese  antimonates.  In  em- 
bedded grains  Color  black.  Mangano$iibuU  occurs  at  Nordmark,  Sweden;  hemaiottibiite 
is  from  the  Sj5  mine,  Grythytte  parish. 

Atelestite.  UnAc  bismuth  arsenate,  H«Bi«AsOM.  In  minute  tabular  crystals.  G.  » 
64.     Coior  sulpliur-yellow.     From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  Phosphates,  etc. 

The  only  important  gronp  among  the  normal  hydrous  phosphates  is  the 
monocliuic  Vivianite  Group. 

Struvite.  Hydrotis  ammonium-mugnesium  phosphate.  In  orthorhonibic-hemimorphic 
crystals  (Fig.  307,  p.  9<5i;  while  or  yellowish;  slightly  soluble.     From  guano  deposits. 

Oollophanite.  CuiP,Oe -f- H9O.  In  layers  resembling  eymnite  or  opal.  Colorless  or 
snow  white  From  the  island  of  Sombrero.  MoniU  is  similar,  from  the  islands  Mona  and 
Moiieia  in  the  West  Indies,  where  it  is  associated  with  moii.Ute^  HCaPOi,  occurring  in  yellow- 
ish-whiie  tricliiiic  crvslals 

Pyuophosphorite.  MgaPaOi  -f  4(Ca3P,08  -h  Ca,P,07).  Massive,  earthy.  Color 
suow-whiie,  dull.     From  the  West  Indies. 


Hopeite  Probably  hydrous  zinc  j  hosphate,  Zn»P,0»  +  HjO.  In  minute  prismatic 
crystals.  Also  in  reniform  masses.  G.  =  2*76-2  85.  Color  grayish  white.  Found  In 
cavil  i<'S  in  c  dainiue  at  the  zinc  mines  of  Altenberg,  near  Aixla-Chai>elle.  The  composition 
given  is  iliai  of  the  arlitici.-il  iiiinenil. 

Dickinsonite.  SKaP.Os  +  H,0  with  R  =  Mn,  Fe,  Na,  chiefly,  also  Ca,  K,,  Li,.  In 
tabular,  pseudo-rhombohe  !ral  crystals;  commonly  foliated  to  micareoiis.  G.  =  3'838- 
3  343      Color  olive-  to  oil-green,  grass-green.     From  Branchville,  Fairfield  Co.,  Conn. 

Fillowite.  Formula  as  for  dickinsonite  and  also  from  Branchville,  but  differing  in 
angle  In  irran-iiar  erystalline  masses.  Q.  =  3  43.  Color  wax-yellow,  yellowish  to  red- 
tlisii  brown,  colorless. 


Tiie  three  following  tricliiiic  species  are  related  in  composition  and  may  be  in  crystalline 
form 

Roselite.  f('a,Co.M!r»»As,Og  -f  ^HjO.  In  small  crystals;  often  in  dnises  and  spherical 
aggregaies.     G.  =  3  5-3  (J.     Color  light  to  dark  rose-red.     From  Schneeberg,  Saxony. 

Brandtite.  CuaMiiA^OH  4- 2H,0.  In  prismatic  crystals;  cry.stals  often  united  in 
ral  ated  groups.  G  =  3  671-3  672.  Colorless  to  white.  From  the  Ilarstig  mine,  near 
Paj-^berg.  Sweden.  • 

Fairfieldite.  A  hydrous  phosphate  of  calcium  and  manganese.  CavMnPaOt  4-  211,0. 
In  prism  itic  crystals;  usually  in  foliated  or  fibrous  crystalline  agcrregates.  G.  ~  807-3*15. 
Col  »r  white  or  greenish  white  to  pale  straw-ycllow.  From  Branchville,  Fairfield  Co., 
Conn.;  itubenstein,  Bavaria  (^t/(k>m/i7i^anttf). 


Messelite    (Ca.Fe^jPaO.  -f  21H,0.   In  minute  tabular  crystals.    Colorless  to  brownish. 
From  near  Messel  in  Hesse. 
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granular,     Q   =  SKRi.     Colur  pinkish  wliheluyellowiab  nUle.     From  Bnitieliville,  Coao. 

PlcropharmaooUU.  lC.As,0,  -f  6H,0,  wkli  R  =  Ca :  Mg  =  5 :  1.  lu  tmsll  spborical 
forma.     Culor  white.     Ftodi  RiecUelsdort;  Freiberg;  JopIlD,  Mo. 

Trlchalcita.  Cu.AbiO)  +  SHtO  In  railiiited  gioupa,  coluniukri  deudiiUc.  Color 
Terdigria-greeii.    From  ibe  Turgliisk  copper  mlue. 

Viviauite  Group.     Mouoclinic. 

Tiviwuto        Fe.P.O.  +  SH.O        ail -.6  =  0-7498  : 1  :  07015      >3  =  75°  34' 

Bympleiite       Fe.Aa.O  +  8H,0  0-7806  : 1 :  0-6812  73°  43' 

Bobterite        Mg  P,0.  +  8H  0 

HomeutB        Mg.As.O.  +  8H.0 

Srythrita         Vo,As,0,  +  )}HX>  075      : 1  : 0-70  75" 

Aniuibe^te    Ni,As,0.  +8H,0 

Cabterite         (Ni.Ms),As,0.  +  8H,0 

Kottigit*  Zii,As,0.  +  8H,0 

The  ViviANiTE  Group  includes  hydroiiB  phosphates  of  iron,  ma^erinm, 
cobnlt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  crystallixatioQ 
ia  monoclinic,  and  the  angles  so  far  as  kno^o  corroBpond  closely. 

▼IVUNITB. 

Monoclinic  Crystals  prismatic  (mrn'"  =  71°  58');  often  in  8teUat« 
groups.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or  earthy; 
also  incrnstine. 

Cleavage:^  highly  perfect;  a  in  traces;  also  fracture  fibrana  nearljX^- 
Flexible  in  thin  laminie;  aeotile.  H.  =  l'5-2.  G.  =  2-58-2-68.  Loster,  * 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  nnaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-bluo  and  to  liver-brown.  Transparent  to  translncent; 
opaque  after  exposure.     Pleochroisnt  strong. 

Comp. — llydroua  ferrous  phosphate,  Fe,P,0, -(- 8H,0  =  Phoepboma  pen- 
toxido  38-3,  iron  protoxide  43-0,  water  !>8-7  —  100. 

Many  tiiialyses  show  the  preaence  o{  Iroa  sisquioxide  due  10  alleratioa. 
Pyr.,  etc. — In   the  closed   lube   yields   ueiitral  walrr,  wliiieus,  ftoii   esrollates.     B,B. 
fiuei  at  rS,  colorloi;  the  tliime  bluisli  greeu,  to  n  gm^ish  black  in ugueLic  globule.     Witli 
tlie  fluxes  rcacis  tor  irou.     Suliible  iu  hydrochloric  acid. 

Obi.— Occurs  associated  witb  pyrrhblile  and  pyrile  la  copper  and  tia  vuius;  sometimea 
Id  narrow  veins  with  gold,  travtralDg  graywticke;  both  friable  and  crystallized  io  beds  of 
clay.  Bad  somelimeEi  associaled  with  limoiiilc,  or  bog  Irou  ort;  ufti-u  iu  cavities  of  foadli 
or  buried  boues. 

Occurs  at  St.  Agues  and  elsewhere  in  CorDWtill;  tit  BotleDinam;  the  gold  mines  of 
Terespaiiik  lu  Triinsylvnnia.  The  eiirthy  viiriely,  somellmes  called  blue  iroTi'^arlh  or 
native  Pruttiiin  blot  'Ftr  ature),  occurs  Id  Oreeiilaud,  Cnrinlliia,  Cuninal),  etc. 

Id  N.  Auierica,  In  Neui  Jertey,  at  Alleritowu.  Monmouth  Co.,  boih  crvslalllzed.  In 
Doduk'3.  and  eiirihj;  at  Mullica  Hill.  Gloucester  Co  (muUkiU),  In  cylindrical  moBGes.  Id 
ViTginii,  In  S  ii&urJ  Co.  In  Kentucky,  near  Kddyville.  In  Gimida,  with  limonlte  at 
Vaudreull. 

mil  priamaLlc  cryatnli  and  la  radlatod 
.     .  .         .  ^  >,  iDCllncd  to  celandine-green.    FrtHU 

Lobeaslcia  in  Voigtland;  HUltcuberg,  CariutUia. 

lo  aggregates  o(  nilnule  crystals;  alio  maaalre.     Col- 
oF  Hexillones,  on  the  Clilliau  comL    £ault^««*UA«  fa 
like  bobierrite.  but  contaiusciliiuni.     FromBaoilc,  Nornay. 

Hmnuaite.  HgiAB,0i-|-8H|0.  In  cryHtnla  resembling  g;fp8um;  also  colnmnai; 
stellur- foliated.     Color  suow-wbile.     From  Hie  Banat,  Hungary. 
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rTHRlTB.     Cobalt  Bloom.     KobaltblQthe  (?#rm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  b  highly  perfect.  Sectile.  H.  =  l*5-2-5;  least  on  b.  G.  =  2-948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Comp. — Hydrous  cobalt  arsenate,  Co,As,0,  +  8H,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  i>eplaced 
by  nickel,  iron,  and  calcium. 

Pyr.,  etc. — lu  the  closed  tube  yields  water  at  a  gentle  beat  and  turus  bluish;  at  n  hiffber 
heat  gives  off  arseuic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  aisenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  chaiacteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose* red  solution. 

Ob0.— Occurs  at  Schueeborg  in  Sisixony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

lu  the  U.  S.,  iu  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.    Named  from  ept^Qftds,  red. 

Annabergite.  NisA8«0»  +  8H9O.  In  capillalr  crystals;  also  massive  and  disseminated. 
Color  fine  apple-green.  From  Allemont  in  Dauphin6;  Annaberg  and  Schneeberg; 
Rieclielsdorf;  in  Colorado;  Nevada. 

Oabrerite.  (Ni.Mff)tA8,Os  -f-  8H,0.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple- green.  From  the  Sierra  Cabrera,  Spain;  at  Laurion, 
Greece. 

Kdttigite.  Hydrous  zinc  arsenate,  ZnsAstOs  +  8HsO.  Massive,  or  in  crusts.  Color 
light  carmine-  and  peach- blossom-red.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 


Rhabdophanite.  ScoTillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8*94-4  01.  Color  brown,  pinkish  or 
yellowish  white.  Rhabdophanite  is  from  Cornwall ;  SconUHte  is  from  the  Scoville  (limonite) 
ore  bed  in  Salisbury,  Conn. 

Ohnrchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  Cornwall. 


800R0DITB. 

»*5.  Orthorhombic.     Axes  &:l\t-  0-8658  :  1  :  0-9641. 

d^c,  120  A  120  =  60'  1'.         jn/\  HI  A  ill  =  nv  6'. 

pf/     111  A  ill  =  77'  8'.  pp"'.  Ill  A  lil  =    65-  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   a,  b  in  tmces.     Fracture  uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-1-3-3.      Luster  vitreous  to  sub- 
^       y,.^      adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
nX/I  y'     brown.    Streak  white.     Subtransparent  to  translucent. 

\\  y/^  Comp.— Hydrous  ferric  arsenate,  FeAsO^  +  2H,0  =  Arsenic 

^^  pentoxide  49-8,  iron  sesquioxide  346,  water  15*6  =  100. 

Pyr.,  •tC'-In  the  closed  tubeyields  neutral  water  and  turns  yellow.  B.B.  fuses 
easily,  coloring  the  flame  blue.  B.a.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 
black  magnetic  scoria.    With  the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid. 

Obs.— Often  associated  with  an»euopyrite.    From  Schwarzenberg,  Saxony;  Dembach, 
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Nassau;  Lolling,  CariQthia;  Nerchinsk,  Siberia,  in  fine  crystals;  leek-green,  in  the  Comiah 
mines. 

Occurs  near  Edenville.  N.  Y.,  with  arsenopyrite;  in  Utah,  Tintic  district,  at  tlie 
Mammoth  miueonenargite.  As  an  incrustation  on  siliceous  sinter  of  the  Yellowstone  geysers. 

Named  from  crtcofjodoy,  garlic,  alludiug  to  the  odor  before  the  blowpipe. 

Strengite.  FePOi  -f  2H9O.  Crystals  rare:  in  habit  and  angle  near  scorodite;  generally 
in  spherical  and  botryoidal  forms.  G.  =  2-87.  Color  pale  red.  From  iron  mines  near 
Giessen;  also  in  Rockbridge  Co.,  Ya..  with  dufrenite. 

Phosphosiderite.  ^FePOi  +  3iHsO.  Au  iron  phosphate  neur  strengite,  but  with 
S^HsO.     From  the  Siegen  mining  district,  Germany. 

Barrandite  (A],Fe)P04  +  2HtO.  In  sphewidal  concretions,  color  pale  shades  of 
gray.     From  Bohemia. 

Variscite.  AIPO4  +  2U«0.  Commonly  in  crystalline  aggregates  and  incrustations 
with  reniforin  surface.  Color  green.  From  Messbach  in  Saxon  Yoigtland;  Montgomery 
Co.,  Arkansas,  on  quartz;  in  nodular  masses  from  Utah. 

Oallainite.  AlP04+24HsO.  Massive;  wax-like.  Color  apple-  to  emerald-green. 
From  a  Celtic  grave  in  Lockmariaquer. 

Zepharovichite.  AIPO4 -f  «^HsO.  Crystalline  to  compact.  Color  yellowish  or  grayish 
white.     From  Tronic  in  Bohemia. 

Koninckite.  FeP04  +  3H«^*  ^^  small  spherical  aggregates  of  radiating  needles. 
Color  yellow.    From  Richelle,  Belgium. 


Acid  Hydrous  Phosphates,  etc. 


PHARMAOOLITIS. 


.  Monoclinic.  Crystals  rare.  Commonly  in  delicate  silky  fibers;  also 
botryoidal,  stalactitic. 

Cleavage:  h  perfect.  Fracture  uneven.  Flexible  in  thin  laminae.  H.  = 
2-2'5.  G.  =  2-64-2'73.  Luster  vitreous;  on  b  inclining  to  pearly.  Color 
white  or  grayish;  frequently  tinged  red.  Streak  white.  Translucent  to 
opaque. 

Comp.— Probably  HCaAsO^  +  211,0  =  Arsenic  pentoxide  53 '3,  lime  25*9, 

water  20-6  =  100. 

Obs. — Found  with  arsenical  ores  of  cobalt  and  silver,  also  with  arsenopyrite;  at 
Andren«!l)er«^  in  the  Harz;  Riechelsdorf  iu  Hesse;  Joachimsibal  in  Bohemia,  etc.  Named 
from  0:xfJnaKov,  pohon. 

Haidingerite.  HCaAs04  -f  HaO.  In  niiiinte  crystal  aggrepates,  botryoidal  and  drusy. 
G.  =  2  848.     Color  white.     From  Joachimstlial  with  pharmacoiite. 

Wapplerite.  HCaAsOi -f  ajH^O.  In  minute  crystals;  also  in  incrustations.  Color- 
less to  while.     Found  with  pharmucolite  at  Joachimstlial. 

Brushite.  HC}iP04  -f-  2HaO.  In  small  slender  prisms;  concretionary  massive.  Color- 
less to  pule  yellowisii.  Occurs  in  guano.  Metabrushite,  similarly  associated,  is 
2HCaP04  +  8H,0. 

Martinite.  HaCa6(P04)4  -}-  ^HaO.  From  phosphorite  deposits  (from  guano)  in  the 
island  of  Cura9oa,  W.  Indies. 

Newberyite.  HMgP04  -|-  8H«0.  In  white  ortborliombic  crystals.  From  guano  of 
Skipton  Caves.  Victoria.  Hannayite,  from  same  l-rality,  is  a  hydrous  phosphate  of 
ammonium  and  magnesium. 

Stercorite.  Microcosmic  salt.  HNa'NH4)P04  -f  4HaO.  Phosphorsa'z  Germ,  la 
white  crystalline  masses  and  nodules  in  guano. 

Hureaulite.  lIaMn6^P04)4 -f  4HaO.  In  short  prismatic  crystals  (monoclinic).  Also 
massive,  compact,  or  imperfectly  fibrous.  Co^or  yellowish,  orange-red.  rose,  grayish. 
From  Litnoges,  commune  of  Hureuux,  France.     In  the  U.  Slates,  at  Branchville,  Conn. 

Forbesite.  H9(Ni,Co)«A880t -f  8HaO.  Structure  fibro- crystalline.  Color  grayish 
white.     From  Atacama. 
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Basic  Hydrous  Phosphates,  etc. 

Ifloclaaite.  CaiP«08.Ca(OH)s.4HsO.  In  minute  white  crystals;  also  columnar.  From. 
JoachiiDstbal. 

Hemafibrite.  MoiAs«Oii.3Mu(OH),  -f  2U«0.  Commouly  io  spherical  radiated  groups. 
Color  browuish  red  to  garuet*red,  b«comiDg  black.  From  the  Moss  miue,  Nonimark» 
Swedeo. 

EUCHROrrB. 

Orthorhoinbic.  Habit  prismatic  mm'"  =  62°  40'.  Cleavage:  w,  »  (Oil) 
in  traces.  Fracture  small  couchoidal  to  uneven.  Bather  brittle.  H.  =  3-5-4, 
G.  =  3  389.  Luster  vitreous.  Color  bright  emerald-  or  leek-green.  Trans- 
parent to  translucent. 

Comp.— Cu,As,O^.Cu(OH),+  6H,0  =  Arsenic  pentoxide  34*2,  cupric  oxide 

471,  water  18-7  =  100. 

Obs— Occurs  in  quartzose  mica  slate  at  Libethen  in  Hungary,  io  crystals  of  consider* 
able  size,  hnving  much  resembltince  to  dioptase.     Named  from  evxf^oa,  beauitful  color. 

Conichalcite.  Perhaps  (Cu,Ca)$A8,08.(Cu.Ca)(OH)j -f-JH,0.  Reniform  and  massive/ 
re«embliiig  muhichite.  Color  pistachio-greeu  to  emerald-greeu.  From  Andalusia,  Spain; 
Tiniic  (liHtrict.  Uuih. 

Bayldonite.    (Ph  Cu)$As«0«.(Pb,Cu;(OH>  -+-  H,0.    In  mamillary  concretions,  drusy. 

Color  gieeu.     Fiom  Com  auII. 

Tagilite.  CujPaOs  Cu(OH),  -f-  2H«0.  In  reniform  or  spheroidal  concretions;  earthy. 
Color  verdigris-  to  emerald- green.     From  the  Ural. 

Leucochalcite  Probubly  Cu,AsiOe  Cn(OH)t  -|-  2H,0.  In  white,  silky  acicular  crys- 
tals.    From  llie  Willielmiue  mine  in  the  Sp;  ssart,  Germany. 

Volborthite.  A  liydrous  vanadate  of  copper,  barium,  and  calcium.  Tn  small  six-sided' 
tables,  in  iriobular  forms.     Color  olive-green,  citnm-yellow.     From  tlie  Ural. 

Cornwallite.  Cu,AvS,0«.'2Cu'0H), -j- H,0.  Massive,  re-embling  malachite.  Color 
emerald  green.     From  Coriiwnll. 

Tyrolite.  Tirolit.  Kiipfei-schaum  Germ.  Perhaps  Cu,A8,0«.2Cu(OH),  -f  7H«0. 
Us  mliy  in  fnn-slmped  crystnlliMe  groups:  in  foliate'l  aggregates:  also  massive.  Cleavage 
]>erfc'ct.  yi'  Ming  soft  thin  flexible  biminoe.  Color  pale  green  inclining  to  sky-blue.  From 
Libeihen  Hungary;  Nerchinsk.  Siberia:  Falkenstein,  Tyrol;  etc  In  the  U.  States,  in  the 
Tintic  district.  Utah.  Some  analyses  yield  CaCO$,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

CHALCOPHTLUTB. 

Riiombohedral.     Axis  i  =  2-5538.     cr  =  71**  16',  rr'  =  110**  12'. 

In   tabular   crysrals;    also   foliated    massive;    in  946, 

druses. 

Cleavau:e:  c  highly  perfect;  r  in  traces.  H.  =  2. 
G.  =  *3'4-2'66.  Luster  of  c  pearly;  of  other  faces 
vitreous  or  snbadamautine.  Color  emerald-  or  grass- 
^reeii  to  verdi^ris-green.  Streak  somewhat  paler 
thiiti  th"  color.     Transparent  to  translucent.     Optically  — . 

Comp.  A  iiiirhlv  basic  arsenate  of  copper;  formula  uncertain,  perhaps 
7CuO.As,0,.14H,0.*^ 

Pyr.,  etc — In  the  closed  tube  decrepitates,  yields  much  water,  and  gives  a  residue  of 
olive  i^rern  scales.  In  otiier  resjKM'ts  like  olivenite.  Soluble  in  nitric  acid,  and  in 
unim  >?iia 

Obs — From  tlr-  copper  mines  near  Redrutli  in  Cornwall;  at  Sayda,  Saxony;  Moldawa 
in  the  Binal       In  the  U   States,  in  the  Tintic  dis'rict.  Utah. 

Veszelyite.  A  hydrous  pliospiio-arsennte  of  copper  n^d  zinc,  formula  uncertain^ 
Occurs  as  a  greenish-blue  crystalline  incrustation  at  Morawitza,  in  the  Banat. 
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WAVEIiUTE. 

Orthorhombic.  Axes  a  :l:i  =  05049  : 1 :  0 3751.  Crystals  rare.  Usu- 
ally in  aggregates^  hemispherical  or  globular  with  crystalline  surface,  and 
radiated  structure. 

Cleayage:  p  (101)  and  b  rather  perfect.  Fracture  uneven  to  snbconchoidal. 
Brittle.  H.  =  3*25-4.  G.  =  2'316-2-337.  Luster  vitreous,  inclining  to  pearly 
and  resinous.  Color  white,  passing  into  yellow,  green,  gray,  brown  and  black. 
Streak  white.     Translucent. 

Comp.— 4A1P0,.2A1(0H),  +  9H,0  =  Phosphorus   pentoxide  35*2,  alumina 

38*0,  water  26*8  =  100.     Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Fyr.,  etc. — lu  the  closed  tube  gi?e8  off  much  water,  ibe  last  portions  of  which  read 
acid  uD.d  color  Brazil-wood  paper  yellow  (fluorioe),  aud  also  etch  the  tube.  B.B.  iu  the 
forceps  swells  up  aud  splits  iolo  fine  infusible  particles,  coloring  the  tlame  pale  green. 
Gives  a  blue  with  cobalt  solution.  Heated  with  sulphuric  acid  gives  off  fumus  of  hydro- 
fluoric acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Obs. — From  Barnstaple  in  Devonshire;  at  Zbirow  in  Bohemia;  at  Frankenberg,  Saxony; 
Minas  Geraes,  Brazil,  etc. 

In  the  United  Slates  at  the  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Station,  Ches- 
ter Valley  R.  R.,  Pa.;  Magnet  Cove,  Arkansas. 

Fiacherite.  AlP04.Al(0H)s  -f  SiH^O.  In  small  prismatic  crystals  and  in  drusy 
crusts.     Color  green.     From  Nizhni  Tagilsk  in  the  Ural. 

Peganite.  A1(P04).A1(0H)9 -f  liHsO.  Occurs  in  green  crusts,  of  small  prismatic 
crystals,  at  Striegis,  near  Freiberg,  Saxony. 

TX7RQUOIS.     Turquoise. 

Massive;  amorphous  or  cryptocrystalline.  Beniform,  stalactitic,  or  in- 
crusting.     In  thin  seams  and  disseminated  grains.     Also  in  rolled  masses. 

Cleavage  none.  Fracture  small  concnoidal.  Rather  brittle.  H.  =  6. 
G.  =  2*6-2  83.  Luster  somewhat  waxy,  feeble.  Color  sky-blue,  bluish  green 
to  apple-green,  and  greenish  gray.  Streak  white  or  greenish.  Feebly  sub- 
translucent  to  opaque. 

Comp. — A  hydrous  phosphate  of  aluminium  colored  by  a  copper  compound, 
A1P0,.A1(0H),  +  H,0  =  Phosphorus  pentoxide  32*6,  alumina  46*8,  water 
206  =  100.     The  copper  salt  probably  has  the  composition  2CuO.P,O^.4H,0. 

Pyr.,  etc.— In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  «t  black. 
B.B.  in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse; 
colors  the  flame  green:  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper 
chloride).     With  the  fluxes  reacts  for  copper.     Soluble  in  hydrochloric  acid. 

Oba. — The  highly  prized  oriental  turquois  occurs  in  narrow  seams  (2  to  4  or  even  6  mm. 
in  thickness)  or  m  irregular  patches  in  the  breccialed  ]M>rtions  of  a  porpbyritic  trachyte 
and  the  surrounding  clay  slate  in  Persia,  not  far  from  Nishfipflr,  Ehorassan;  in  the  Megara 
Valley,  Sinai;  in  the  Kara-Tube  Mrs.  in  Turkestan,  50  versis  from  Samarkand. 

In  the  U.  States,  occurs  in  the  Los  Cerillos  Mts.,  20  m.  8.  E.  of  Santa  F6,  New  Mexico, 
in  a  trachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  reopened 
and  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety  near 
Cohimbu«,  Nevada. 

Natural  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  the  tint  desired. 
Moreover,  many  stones  which  are  of  a  fine  blue  when  first  found  retain  the  color  only  so 
long  as  they  arc  kept  moist,  and  when  dry  they  fade,  become  a  dirty  green,  and  arc  of 
liitle  value.  Much  of  the  turquois  (not  artificiali  used  in  jewelry  in  former  centuries,  M 
well  as  the  present,  and  that  described  in  the  early  works  on  minerals,  was  bone-iurgnmi 
(called  also  odontolite,  from  oSovS,  toot?t),  which  is  fossil  bone,  or  tooth,  colored  by  a  phos- 
phate of  iron.  Its  organic  origin  becomes  manifest  under  a  microscope.  Moreover,  true 
turquois,  when  decomposed  by  hydrochloric  acid,  gives  a  fine  blue  color  with  ammonia, 
which  is  not  true  of  the  odontolite. 

Wardite.  2Al,Oi.P,0».4H,0.  Forms  light-green  or  bluish-crreen  concretionary  in- 
crustations in  cavities  of  nodular  masses  of  variscite  from  Utah.    H.  =5.    G.  =  2*77. 
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SphMiito.  Perhaps  4AlP04.6Al(OH)s.  lo  globular  drusy  concretions.  Color  light 
gray,  bluish.    From  near  St.  Benigna,  Bohemia. 

IJakeardit«.  (Al.Fe)ABO«.2(Al.Fe)(OH)s  +  5H,0.  In  thin  incrusting  layers,  ivhite  or 
bluish.    Frotu  Liskeard,  Cornwall. 

ETanait*.  2AIPO«.4Al(OH)s  -f  12H,0.  Masdye;  reniform  or  botryoidal.  Colorless, 
or  milk-white.     From  Zsetcznik,  Hungary. 

C(EKUL£OLACi'iTE.  Perhaps  8AlsO9.2P«Oft.l0HsO.  Crypto-crystalline;  milk-white  to 
light  copper- blue.  From  near  Katzenellnbogen,  Nassau;  also  East  Whiteland  Township, 
Chester  Co.,  Penn. 

Augelite.  2AlsOs.P«0».8HtO.  In  tabular  monoclinic  crystals  and  massive.  G.  =  2*7. 
Colorless  to  white.  From  the  iron  mine  of  Westan&,  Sweden.  The  same  locality  has  also 
yielded  the  following  aluminium  phosphates. 

Berlinite.  2ArsOi  2PsO».H«0.  Compact,  massive.  O.  =  2*64.  Colorless  to  grayish 
or  rose- red. 

Tbolleite.  4Al,Os.8PsOft.8H«0.  Compact,  indistinctly  cleavable.  G.  =  810.  Colot 
pale  greeu. 

Attacolitb.  PsO».Al«Ot,MnO,CaO,H«0,  etc.;  formula  doubtful.  Masdve.  G.  = 
8  09.     Color  salmon-red. 


Isometric-tetrahedral.     Commonly    in   tubes;    also    tetrahedral.     Barely 
granular. 

Cleavage:  a  imperfect.     Fracture  uneven.     Rather  947. 

sectile.  H.  =  2*5.  G.  =  2*9-3.  Luster  adamantine 
to  greasy,  not  very  distinct.  Color  olive-,  grass-  or 
emerald -green,  yellowish  brown,  honey-yellow.  Streak 
green  to  brown,  yellow,  pale.  Subtransparent  to  sub- 
translucent.     Pyroelectric. 

Comp.— Perhaps      6FeAsO,.2Fe(OH)   +  12H,0  = 
Arsenic  pentoxide   43*1,  iron  sesquioxide  40*0,  water 

16*9  =  100. 

P3rr.,  etc. — Same  ns  for  scorodite. 

Obs. — Obtained  at  the  mines  in  Cornwall,  with  ores  of  cop- 
per;  at  Schneeberg  and  Schwarzenberg.  Saxony;  at  KOnigsberg,  nenr  Scheninitz.  Hun- 
gary.    In  Utah,  at  the  Mammoth  mine,  Tin  tic  district.     Named  from  (pdp/xaKor,  poison, 
and  a'i8T^f}oi,  iron, 

IfUdlamite.  2FesP,Os  Fe(OH)t  +  BH9O.  Occurs  in  small  green  tabular  crystals 
(monoclinic),  near  Truro,  Cornwall. 

Oaeozenita.  Eakozen  Germ.  FeP04.FerOH)>  +  4iHaO.  In  radiated  tufU  of  a  yel- 
low or  brownish  color.     From  near  St.  Beuigna  in  Bohemia;  Lancaster  Co.,  Penn. 

Beraunite.  Perhaps  2FeP0«.Fe(0H)$  +  21H,0.  Commonly  in  druses  and  in  radiated 
globules  and  crusts.  Color  reddish  brown  to  dark  hyacinth-red.  From  St.  Benigna,  near 
Beraiin,  in  Bohemia  EUonorite,  in  tabular  crystals,  is  the  same  mineml.  From  the 
Eleoiiore  mine  nenr  Giessen. 

Globosite,  Picitb,  Dblyauzitb  are  other  hydrated  ferric  phosphates. 

OHIIiDRBNITE. 

Orthorhombic.     Axes  &:l:i-  0-7780  :  1 :  0-52575. 

wim'".  no  A  110=    75*46'.  rr"',     131  A  I8I  =  105'    V. 

rr",       131  A  131  =    39^7.  m'.        121  A  131  =    49'  56^'. 

Only  known  in  crystals.     Cleavage:  a  imperfect.    Fracture  uneven.     H.  = 
4-5-5.     G.  =  318-3-24.    Lnster  vitreous  to  resinous.     Color  yellowish  white, 

f^ale  yellowish   brown,  brownish   black.     Streak  white  to  yellowish.     Trans- 
ncent. 

Comp.— In    general    2AlPO,.2Fe(OH),  +  2H,0.     Phosphorus    pentoxide 
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30-9,  alumina    22*2,  iron    protoxide    31'3,    water    15*6  =  100.      Mauganese 
replaces  part  of  the  irou  and  it  hence  graduates  into  eosphorite. 

Pyr.,  etc.— Ill  the  closed  tube  gives  off  ncutnil  water.  B.B.  swells  up  into  ramifica- 
tions, and  fuses  on  tlie  edges  to  a  black  mass,  coloring  tbe  flame  pale  green.  Hcaied  oo 
charcoal  turns  black  utui  liecomes  uiagnelic.  Wiih  soda  givts  a  reaction  for  uiMnguueac. 
With  borax  and  ^alt  of  phosphorus  reacts  for  irou  and  manganeae.  Soluble  in  hydro- 
chloric acid. 

Obi  —From  Tavistock,  Devonshire.     In  U.  Slates,  at  Hebron,  Me. 

Botphorite.  Form  and  composition  as  for  cluldreniie,  but  containing  clnefly  ninugaiiese 
instead  of  iron.  In  prismatic  crystals;  iiUo  massive.  Color  rose-pink,  )ellowibb,  etc. 
From  Bnmcbville,  Conn. 

Mazapilite  Cn,Fe,(As04)4.2FeO(OH) -f  5H,0.  In  slender  prismatic  crystals.  G.  = 
8-5(J?-3-582.     Color  black.     From  Mazapil,  Mexico. 

Oalcioferrite.  Ca»Fe,,P04)4.Fe(OH  i  8H,0.  Occurs  in  yellow  to  green  nodules  in  clay 
at  Battenberg,  Rhenish  B}ivaria. 

Borickite  Perha|>8  C:a,Fe,(P04)4.12Fe(OH)f -f  6H,0.  Reniform  massive;  compact. 
Color  I  eddish  brown.     From  LcoIkju  in  Styria;  Bohemia. 

RiCHELLTTE.  Perhaps  4FePaOB.  Fe,OF,  (OH),  -|-  8($H,0.  Massive,  compact  or  foliated. 
Color  yellow.     From  Richelle,  Belgium. 

lilROOONITE. 

Monoclinic.     Axes  d:$:6=  1-3191  :  1  :  1-6808;  /?  =  88°  33'. 

^*^  mm' ',  110  A  110  =  ](^r  3^.        wkf',  1 10  a  01 1  =  46*  10'. 

ee\       Oil  A  oil  =  118'  29'.        m'e,  i  10  a  Oil  =  47'  24'. 

Crystals  resembling  rhombic  octahedrons.  Rarely 
granular.  Cleavage:  m,  e  indistinct.  Fracture  su boon- 
(^hoidal  to  uneven.  Imperfectly  sectile.  II.  =  5i-2*5. 
(J.  =  2'882-2'985.  Luster  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue  to  verdigris-green. 

Comp. — A  hydrous  arsenate  of  aluminium  and  cop- 
per, formula  uncertain;  analyses  correspond  nearly  to 
Cu.Al(AsO,),.3CuAl(OH),.2()H,0  =  Arsenic   pentoiide 

28*9,  alumina  10*3,  cupric  oxide  35*9,  water  24*9  =  100.     Phosphorus  replaces 

part  of  the  arsenic, 

Pyr.,  etc.— In  the  closed  tube  cives  much  water  and  turns  olive-crreen.  B.B  cracks 
open,  but  does  not  decrepit  ate;  fuses  less  readily  than  olive:  ite  ton  dark  gray  slag;  on  char- 
coal cracks  open,  detlagrates.  and  gives  reactions  like  olivenife.     Soluble  in  nitric  acid. 

Obs. — From  Cornwall;  Herrenirrund  in  HuiiL'ary. 

Chenevudte.  Perhaps  (Ju,(FeOi7As,()s -f  SHaO.  Massive  to  compact.  Color  dark 
green  to  greenish  yellow.     From  Cornwall;  Viuh. 

Henwoouite.  a  hydrated  phosphate  of  aluminium  nnd  copper.  In  botryoidal  globu- 
lar masses      Color  ttininois-blue.     From  Cornwall. 

Ohalcosiderite.     CuO  3Fe,03.2PaO»  HH,0.     In   sheaf  like  crystalline    groups,  as  in- 
crustations.    Color  light  siskin-green.     From  Cornwall. 
Anduewsite.  also  from  C-irnwall.  is  near  chalcosiderite. 

Kehoeite.  A  hydrated  phosphate  of  aluminium,  zinc,  etc.  Massive.  G.  =  2  34. 
From  Galena,  So.  Dakota. 

Ooyazite.  Perhaps  CajAlioPaOas.OHaO.  In  small  rounded  grains  Color  yellowish 
white.     From  Minas  Geraes.  Brazil. 

Plnmbogummite.  A  hydrated  phosphate  of  lead  and  aluminium.  Resembles  dropn  or 
coatings  of  gum;  as  incrustations.  Color  yellowish,  brownish.  With  galena  at  Huelgoei, 
Brittany,  and  elsewhere. 
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Urauite  Group. 

TORBERNITB.    Copper  Uranite.    Kupferuraoit  Oerm, 

Tetragonal.  Axis  i  =  2'9361.  Crystals  usually  square  tables,  sometimes 
very  thin,  again  thick;  less  often  pyramidal.     Also  foliated,  micaceous. 

Cleavage:  c  perfect,  micaceous.  Laminsa  brittle.  H.  =  2-2*5.  G.  = 
3  4-3*6.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald-  and 
grass-green,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler  than 
the  color.    Transparent  to  subtranslucent.     Optically  uniaxial;  negative. 

Comp. — A  hydrous  phosphate  of  uranium  and  copper,  Cn(UO,),P,0,  + 
8H,0  =  Phosphorus  pentoxide  15*1,  uranium  trioxide  61*2,  copper  8*4,  water 
15*3  =  100.     Arsenic  may  replace  part  of  the  phosphorus. 

Pyr.,  etc.— In  the  closed  tube  yields  wnter.  lu  the  forceps  fuses  nt  2*5  to  a  blackisU 
Diass,  and  colors  the  flame  green.  With  salt  of  phosphorus  gives  a  green  bead,  which  with 
tin  on  cliurconl  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  gives  a 
globule  of  copper.     Soluble  in  nitric  acid. 

Obs. — From  Gunnis  Lake  and  elsewhere  in  Cornwall;  Schneeberg,  etc..  Saxony; 
Joacbimstlml,  Bohemia. 

Zeunerite.  Cu(U0i)«Ass0s4-  BH«0.  In  tabular  crystals  resembling  torbernite  in  form 
and  color.     G.  =  3'2.     From  Schneeberg,  Saxony;  near  Joachimsthal;  Cornwall. 


AUTUNITX3.     Lime  Uranite.     Kalkuranit  Oerm,  « 

Orthorhombic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torberuite  in  angle;  also  foliated,  micaceous. 

Cleavage:  basal,  eminent.  Laminae  brittle.  H.  =  2-2*5.  G.  =  3'05-3*19. 
Luster  of  c  pearly,  elsewhere  subadamantine.  Color  lemon-  to  sulphur- 
yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  I  h.     Bx  A_c,     /?  =  1-572. 

Comp. — A  hydrous  phosphate  of  uranium  and  calcium,  probably  analogous 
to  torbernite,  Ca(UO,),P,0.  +  8H,0  or  Ca0.2UO,.P,0,.8H,0  =  Phosphorus 
pentoxide  15*5,  uranium  trioxide  62*7,  lime  61,  water  157  =  100. 

Some  analyses  ^ive  10  and  others  12  molecules  of  wnter,  but  it  is  not  certain  that  the 
additional  amount  is  essential. 

Pyr.,  etc.— Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs. — With  uraninite,  as  nt  Jolianngeorgenstadt,  Falkenstein.  In  the  U.  States,  at 
Mi(l(lletr)wn  and  Bninchville,  Conn.  In  N.  Carolina,  at  mica  mines  in  Mitchell  Co. ;  in 
AlexMiider  Co.:  Black  Hills,  8.  Dakota. 

Uranospinite.  Probably  Ca(U0a)»Asa08-f-  SH^O.  In  thin  tabular  crystals  rectangular 
in  outline.     Color  siskin-green.     Fn)m  near  Schneeberg,  Saxony. 

Uranocircite.  Ba(U0t),Pj08-f  8H,0.  In  crystals  similar  to  autunite.  Color  yellow- 
^reen.     From  Falkenstein,  Saxon  Voigtland. 


Phosphuranylite.  (UO«)sPaOs  -f  6H9O.  As  a  pulverulent  incrustation.  Color  deep 
lem«»i|.\ellow.     From  Mitchell  Co.,  N.  C. 

Irogerite.  (UOa^sAsaOg 4- 12IIaO.  In  thin  druses  of  tabular  crystals.  Color  lemon- 
y«  II'  w.     From  near  Schneeberg.  Saxony. 

Walpurgite.  Probably  Bi,o'UOa)3(OH)a4(As04)4.  In  thin  yellow  crystals  resembling 
gypsum.     G  =  576      Color  yellow.     From  near  Schneeberg.  Saxony. 

Rhagite.  Perhaps  2BiAs04.8Bi(On)».  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yellow.     From  near  Schneeberg,  Saxony. 

Mixite.  A  hydrate<l  basic  arsenate  of  copper  and  bis'nuth,  formula  doubtful.  In 
jicirular  crystals;  as  an  incrustation.  Color  green  to  whitish.  From  Joachimsthal; 
Wittichen,  Baden;  Tintic  distr.,  Utah. 
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Antimonates ;  also  Antimonites,  Arsenites. 

A  number  of  antimonates  have  been  included  in  the  preceding  pages 
among  the  phosphates^  arsenates^  etc 


Atopite.  Perhaps  cnlciiiin  pyroaotimouate,  CHsSbsOi.  In  isometric  octabedroos. 
H.  =  5-5-6.     G.  =  503.     Color  yellow  to  resiu-brown.     From  L&ogban.  Sweden. 

Bindheimite.  A  bydroiis  auiimouaie  of  lend  Amorphous,  reiiiform:  also  eartliy  or 
incrustiug.  Color  gray,  brownish,  yellowish.  A  result  of  the  decompositiou  of  other 
autimouial  ores;  thus  ul  Horhuuseu;  in  CoruwuU;  Sevier  county,  Arkansas. 

Romeite.  An  antimouilo  of  calcium,  perhaps  Ca8b204.  In  groups  of  minute  square 
octahedrons.  H.  above  5'5.  G.=  4  713.  Color  hyacinth-  or  honey -yellow.  From  St. 
Marcel,  Piedmont. 

Nadorite  PbClSbO,.  In  orthorhombic  crystals.  H.  =  8  5-4.  G.  =  702.  Color 
brownish  yellow.     From  Djehel-Nador,  Constantine,  Algeria 

Ecdemite.  Heliophylliie.  Perhaps  Pl)4As907.2PbCl9.  In  crystals,  massive,  and  as  an 
incrustation.  G.  =  6'89-7*14.  Color  bright  yellow  to  green.  From  L&ngbau.  Sweden; 
also  Pajsberg  {heliophylliie) 

Ochrolite.  Probably  Ph4Sba07.2Pl>CU.  In  small  crystals,  united  in  diverging  groups^ 
Color  sulphur-yellow.     From  Pnjsbcrg,  Sweden. 

Trippkeite.  Essentially  an  arsenite  of  copper.  In  small  bluish  green,  tetragonal  ciys- 
lals.     From  Copiapo,  Chili. 


Tripnhyite.  An  iron  antimonnte.  2FeO.SbsO».  In  microcrystalline  aggregates  of  a 
dull  greenish-yellow  color.     Frcjn  Tripuhy,  Brazil. 

Derbylite.  An  antimo-titanate  of  iron.  In  prismatic,  orthorhombic  crystals.  H.  =5. 
O.  =  4*53.     Color  black.     Tripuliy.  Bnizil. 

Lewisite.  5CaO  2TiO«.8Sl>205.  In  minute  yellow  to  brown  isometric  octahedrons. 
Tripuhy,  Brazil. 

Mauzeliite.  A  titan(»-antimonate  of  lead  and  calcium,  related  to  lewisite.  In  dark 
brown  isometric  octahedrons.     Jakobsberg,  Sweden. 

AmmioUtb.  a  doubtful  antimonite  of  mercury;  forming  a  scarlet  earthy  mass. 
From  Chili. 


Phosphates  or  Arsenates  with  Carbonates,  Sulphates,  Borates. 

Staffelite  and  Dahllite  (p.  499)  may  belong  here. 

Diadochite.  A  hydrated  phosphate  and  sulphate  of  ferric  iron;  Thuringia.  Destineeiie 
is  similar:  from  Belgium. 

Pitticite  A  hydrated  arsenate  and  sulphate  of  ferric  iron.  Reniform  and  nms!^ive• 
Yellowish  and  reddish  brown.     From  Saxony,  Cornwall,  etc 

Bvanbergite.  A  hydmted  phosphate  and  sulphate  of  aluminium  and  ralciuin.  In 
rhombohedral  crystals.  Color  yellow  to  yellowish  brown,  rose  red.  From  Horrs«j5berg, 
Sweden. 

Beudantite.  A  phosphate  or  arsenate  with  sulphate  of  ferric  iron  and  lead;  formula 
doubtful  In  rhombohedral  crysUils.  Color  green  to  brown  and  black.  From  Cork; 
Dernbarh  and  Horhausen,  Nassau. 

liindackerite.  Perhaps  8NIO  6CuO  SO,2A«aO».7H,0.  In  rosettes,  and  in  reniform 
masses.     Color  verdigris-  to  apple-green.     From  Joachimstbal. 

Ifiineburgite.  3MgO.B,08.P,Ofc.8H,0.  In  flattened  masses,  fibrous  to  earthy  struc- 
ture.    From  LUneburg,  Hannover. 

Ijoasenite.    A  hydrous  iron  arsenate  and  lead  sulphate  from  Laurion.  Greece. 
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Nitrates. 

The  Nitrates  being  largely  solnble  in  water  play  but  an  unimportant  r61e 
in  Mineralogy. 

SODA  NITER. 

Rhombohedral.  Axis  6  =  0-8276;  rr'  =  Id""  30'.  Homoeomorphous  with 
calcite.     Usually  in  massive  form,  as  an  incrustation  or  in  beds. 

Cleavage:  r  perfect.  Fracture  conchoidal,  seldom  observable.  Kather 
sectile.  H.  =  1*5-2.  G.  =  2 '24-2 '2 9.  Luster  vitreous.  Color  white;  also 
reddish  brown,  gray  and  lemon-yellow.  Transparent.  Taste  cooling.  Opti- 
cally -.     CO  =  1-5874,  €y  =  1-3361. 

Com  p. — Sodium  nitrate,  NaNO,  =  Nitrogen  pentoxide  63*5,  soda  36*5  =  100. 

Pyr.,  etc. — Deflagrates  on  cbardoal  with  less  violence  than  niter,  causing  a  yellow 
light,  and  also  deliquesces.  Colors  the  flame  intensely  yellow.  Dissolves  in  three  parts  of 
water  at  60'  F. 

Obs.— From  Tarapaca.  northern  Chili,  and  also  the  neighboring  parts  of  Bolivia;  also 
i'l  Humboldt  Co.,  Nevada;  near  Calico,  San  Bernurdino  Co.,  Cal. 

Niter.    Potassium  nitrate,  ENOs.     In  thin  white  crusts  and  silky  tufts. 


Nitrocalcite.  Hydrous  calcium  nitrate.  Ca(NO,),  +  r)H,0.  In  efflorescent  silky  tufts 
and  masses.     In  many  limestone  caverns,  as  those  of  Kentucky. 

Nitromagnesite.    Mg(NO$),  4-  nH,0.     In  efflorescences  in  limestone  cnves. 

NitrobariU.     Barium  nitrate.  Ba(NO,),.     Isometric-tetartohedral.     From  Chili. 

Oerhardtite.  Basic  cupric  nitrate,  Cu(N0,)«.8Cu(0H),  In  pyramidal  orthorhomWc 
crystals.     G.  ■=  3  426.     Color  emerald -green.     Prom  the  copper  mines  at  Jerome,  Arizona. 

Darapakite.  NaNO,.Na,804  +  H,0.  In  square  tabular  crystals.  Colorless.  From 
Atacama,  Chili. 

Nitroglauberit*.    6NaNO,.2Na,804.8H,0.    Prom  Atacama. 


LauUrite  Calcium  iodate.  Ca^IOs),.  In  prismatic  crystals,  colorless  to  yellowiah. 
l«rom  the  sodium  nitrate  deposits  of  Atacama. 

Dietzeite.  A  oilcium  iodo-chromate.  Monoclinic;  commonly  fibrous  or  columnar. 
H.  =  3-4.    Q.  =  8-70.    Color  dark  gold-yellow.    Prom  the  same  region  as  lautarite. 
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Oxygen  Salts. 
6.  BORATES. 

The  alumioates,  ferrates,  etc.,  allied  chemically  to  the  borates,  haTe  been  already  intro-- 
duced  atnoug  the  oxides.  They  include  the  species  of  the  Spinel  Group,  pp.  887-341,  also 
Chrysoberyl,  p.  842,  etc. 

BUSBEXITE. 

In  fibrous  seams  or  veins.  H.  =  3.  G.  =  3  •42.  Luster  silky  to  pearly. 
Color  white  with  a  tinge  of  pink  or  yellow.     Translucent. 

Comp. — HllBO,,  where  R  =  Mn,  Zn  and  Mg  =  Boron  trioxide  341, 
manganese  protoxide,  41*5,  magnesia  15*6,  water  8*8  =  100.  Here  Mn  (+Zn) 
:  Mg  =  3:2. 

Pyr.,  etc. — lu  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric 
paper  is  moistened  with  this  water,  and  then  with  dilute  hydrochloHc  acid,  it  assumes! 
red  color  (boric  acid).  In  the  force|>s  fuses  in  the  ilame  of  a  candle  (F  =  2),  and  B.B.  ia 
OF.  yields  a  black  crystalliue  mass,  coloring  the  Hame  intensely  yellowish  green.  With 
the  lluxes  reacts  for  manganese.     Soluble  in  hydrochloric  acid. 

Obs— Found  on  Mine  Ilill,  Franklin  Furnace,  Sussex  Co.,  N.  J.,  with  frauklioite, 
zincitc.  willemite,  etc.  An  intimate  mixture  of  zincite  and  calcite,  not  uncommon  at  Mine 
Hill,  is  often  mistaken  for  sussexite,  but  the  ready  fusibility  of  the  genuine  mineral  is  dis- 
tinctive. 

liudwigite.  Perhaps  OMgO.B^Os  -f  FeO.Fo,Oi.  In  finely  fibrous  masses.  G.  =  8i>l- 
402.     Ct»loF blackish  green  lo  nearly  black.     From  Morawitza,  Hungary. 

Pinakiolite.  SMgO.BaOj  +  MnO.MnaOs.  In  small  rectangular  crystals.  H.  =  (L 
O.  =  y  88r.     Luster  metallic.     Color  black.     From  Lilngbau,  Sweden.  • 

NordenskiSldine.  A  calcium-lin  bonite,  CaSn(B03)3.  In  tabular  rhombohedral 
cry.«<tnls.  H.  =  5*5-6.  G.  =  4*20.  Color  sulphur-yellow.  From  the  Langensund  fiord, 
Norway. 

Jeremejevite.  Eichwaldi'e.  Aluminium  borate,  AlBOa.  In  prismatic  hexngontl 
crystals.  H.  =  6*5.  G.  ^-  3*28.  Colorless  to  pale  yellow.  From*  Mt.  Soktuj,  Adun* 
I'hnltui  range  in  Eastern  Siberia. 

Hambergite.  Bej(OH)BOj.  In  grayish-white  prismatic  crystals.  H.  =  7  5.  G.  = 
2347.     From  Langesuud  fiord,  southern  iN"orway. 

Szaibelyite.  2MgftB40ii.3H,0.  In  small  nodules;  white  outside,  yellow  within. 
From  Rezbanya,  Hungary. 

BORACITE. 

Isometric  and  tetrahedral  in  external  form  under  ordinary  conditions,  but 
in  molecular  structure  orthorhombic  and  pseudo-isometric:  the  structure 
becomes  isotropic,  as  required  by  the  form,  only  when  heated  to  265**.  (See 
Art.  411.) 

Habit  cubic  and  tetrahedral  or  octahedral;  also  dodecahedral.  Crystals 
usually  isolated,  embedded;  less  often  in  groups.  Faces  o  bright  and  smooth, 
o,  dull  or  uneven. 

Cleavage:  o,  o^  in  traces.    Fracture  conchoidal,  uneven.     Brittle.     H.  =7 
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in  crystals,  G.  =  2'9-3,  Luster  vitreous,  inclining  to  adamantine.  Color 
white,  incliuing  to  gray,  yellow  and  green.  Streak  wliite.  Subt  ran  spare  lit  to 
tiauslucent.  Commonly  shows  double  refraction,  wliicli,  however,  disappean 
upon  heating  to  2(i5'',  when  a  section  becomes  isotropic.  Refractive  index 
71,  =  l-CfiT;  y-a  =  U  0107. 


960. 


Strongly  pyroelectric,  the  opposite  polarity  corresponding  to  the  position 
of  the  +  and  —  tetrahedral  faces  (see  pp.  234,  235).  The  faces  of  tne  dull 
tetrahedron  o,  (Hi)  form  the  analogous  pule,  those  of  the  polished  form  o 
(111)  the  antilogous  pole,  Itose. 

Comp.— Mg,CI,B„0„  or  6MgO.MgCl,.8B,0,=  Boron  trioiide  62-5,  mag- 
nesia 31-4,  chlorine  7-0  =  1018,  deduct  (0  =  CI)  19  =  100. 

Vaz. — 1.  Ordiifirff.  Ill  cr^aiiils  of  TarieJ  habil.  2.  Manizt.  -with  toneliines  a  rab- 
columnar  siructure ;  itaitfuritu  of  Koav.  It  irKeniblrs  a  liiie-gmiiied  nliite  maible  or 
sTuiiular  llmestoue.  furntite  oC  Volger  ia  Ibu  plumoiid  ioterioi'  of  eodjC  ci jslals  c  f  boraci1«. 
8.   KUenttiwjfarUtt  coDiiiina  some  Fc. 

Pyr.,  etc.— Tbo  massive  varLeiy  gives  wnler  lu  llie  cto^  tube.  B.B.  bolli  vaiUties 
fuw  at  3  Willi  liitiimFBCcnre  lo  it  nlilie  cry^ilalline  pearl,  mloring  Hie.  flonie  green:  bentfd 
afU-r  moistening  with  cobult  solution  nssiimoE  a  diep  pink  color.  Slixtd  wiih  oxide  of 
copper  utid  heiileil  on  clinrcool  culurs  tlie  Bame  deep  HZiire-lilue  (cupper  cbloiide).  Bolubla 
In  bydrocliloiic  acid. 

Alters  very  slowly  on  exposure,  owing  to  the  tnDgneFlum  cliloride  pmeni,  « tiicli  lakes 
up  water.  It  in  tlie  freqiient  presence  of  ll  is  deliqucwent  cbloride  in  Ibe  masaive  mineral, 
tbua  originating,  thnt  led  to  the  view  ibnt  there  was  a  liydrous  bomclte  I  el  aaa  Furl  lie). 
Parnrite  of  Volger  i»  a  reauU  of  tbe  same  kind  of  alltration  In  the  Inlerior  of  cryslala  « 
bomriie;  Ibis  alreratlon  giving  it  ilB  aoniewlint  pliimoae  cliaiacier,  and  introducing  water, 

Oba,  —  Observed  In  Mds  of  siihydrite.  gypaiim  or  aall.  In  cryalals  at  Ealkberj;  ai.d 
6cbi1dslein  in  LQneliurg,  Hannover;  Hi  8rge1>erg,  near  Kiel,  in  Eolslein;  xt  Luneville.  La 
Meurthc,  Pmnce:  maxpive,  or  aa  part  of  the  rock,  also  in  crystals,  at  BlaBSfiirl,  Piuasia. 

Aacharite.  A  hydrous  magnesium  borate.  In  white  lumps  wlib  boracite.  From 
Aacliersiifben,  Oerinaoy, 

Rhodizlte.  A  borate  of  aluminium  and  polasslura.  with  ceesiitm  and  mjldium. 
tsomelrlc-tetritbeilmi;  in  while,  translucent  dodecahedrona  H.  =  8,  G.  =  841,  Found 
«n  red  Inurmaline  from  Ihe  viciniiy  of  Eknierinhurg  Id  tbe  Ural. 

Warwlckite.  Perhaps  SHeOFeO  2TiO,  flB.Ot.  In  eioQmited  prismawC  crystals. 
O.  =  3:16.    Color  dark  hrown  lo  diiU  black,     FYom  Edenville,  N.  T. 

HowUta.  A  ailiro- borate  of  calcium,  HiCa,BiSiOii,  In  small  white  rot,nded  Doduk-a; 
also  enrlhy.     From  Nova  Scotia. 

Lagooite     Fe,Oi.!iBtOi.3HtO,     Ad  lucruatatioD  at  the  Tuscan  lagooL.,. 

LarderalUta.     (NH.)i0.4B,Oi.4HiO.    Prom  the  TuacaD  Ugoona. 


OOZ^MAMTTB. 

Monoclinic.     Axes  d  :'*:<(  =  07748  : 1  :  05410;  /J  =  6'  •  5'. 
Crystals   usually  short  prismatic  (mm"'=  72°  4').     Massive  cleaTable  to 
granular  and  compact. 
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Cleavable:  b  highly  perfect;  c  distiDct.  Fracture  aneTen  to  sabeon- 
choidal.  H.  =  4-4*5.  G.  =  2*42.  Luster  vitreous  to  adamantine,  brilliant. 
Colorless  to  milkv  white,  yellowish  white,  gray.     Transparent  to  trmnalooent 

Comp.— Ca,B.b„.5H,0,  perhaps  HCa(BO,),+  2H,0  =  Boron  trioxide  50^, 

lime  27-2,  water  21-9  =  100. 

P3rr. — B.B.  decrepitates,  exfoliates,  sinters,  and  fuses  imperfectly.  coIoriB|^  the  flame 
yellowish  green.  Soluble  in  hot  hydrochloric  acid  with  separatioo  of  bone  aeid  oo 
cooliog. 

Obs.— First  discovered  iu  Death  Valley,  Inyo  Co.,  California;  later  in  Calico  disiiict 
San  Bernardino  county. 

Priceitk.  Near  colemanite.  Massive,  friable  and  chalky.  Color  snow.wfaiie.  From 
Curry  Co.,  Oregon.     PandermiU  is  similar;  iu  compact  nodules  from  Asia  Minor. 

Pinnoit«.  MffB,04.8HsO.  Tetragonul-pyramidal.  Usually  in  nodules,  rmdiatcd 
fibrous.     Color  sulphur*  or  straw-yellow.     From  Stassfurt. 

Baintxite.  Hintzeite.  Kaliborite.  A  hydrous  borate  of  maenesium  and  poCaasiam. 
In  small  crystals,  sometimes  aggregated  together.  H.  =  4-5.  G.  =  2*1S.  Colorlem  to 
white.    From  Leopo'.dsball,  Stassfurt. 


m 


Axes  d:h:6=z  10995  :  1  :  0-5632;  fi  =  73°  25'. 

ca.        001  A  100  =  78*  29,  ee,     001  A  «!  =  64*    V. 

mm"',  no  A  110  =  93*    0'.  w/.    111  A  111  =  ST  ZT. 

eo,        001  A  ill  =  40'  81'.  «',    221  A  Si  =  SS*  88^. 

Crystals  prismatic,  sometimes  large;  resembling  pyrox- 
ene in  habit  and  angles. 

Cleavage:  a  pei^ect;  m  less  so;  i  in  traces.  Fractore 
conchoidal.  Rather  brittle.  H.  =  2--2  5.  6.  =  1-69-1-71 
Luster  vitreous  to  resinous;  sometimes  earthy.  Cdor 
white;  sometimes  grayish,  bluish  or  greenish.  Streak 
white.  1'ranslucent  to  opaque.  Taste  sweetiah-alkaline, 
feeble.  Optically  — .  Ax.pl.  JL  b.  Bx»  J.  b.  Bx^  /\i  = 
-  56°  50'.  /?  =  1  -470.  2Er  =  59°  30'. 
Comp.— Na,B,0,.10H,0  or  Na,O.2B,O,.10H,O  =  Boron  trioxide  366,  soda 
16-2,  water  4;-2  =  100. 

P3rr.,  etc. — B.B.  puffs  up  nnd  afterward  fuses  to  a  transparent  globule,  called  the  slam 
of  borax.  Fused  witb  fluorite  and  potassium  bisulpbate,  it  colors  tbe  flame  around  the 
assay  a  clear  green.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  Boiling  water 
dissolves  double  its  weight  of  this  salt. 

Obs.— Obtained  from  the  mh  lakes  of  Tibet;  the  crude  mineral  is  called  fiiieai.  In 
California,  abundant  in  Lake  Co..  nt  Borax  Lake  and  Hachinhnmn,  two  small  Hlkalioe 
lakes  in  the  inimediiite  vicinity  of  Clenr  Ltike;  present  in  ^solution  in  the  lake  waters,  and 
obtained  also  in  large  tiiiantities  in  fine  crystals  embedded  in  the  lake  mud  and  tbe  sur- 
rounding niarHhy  soil:  also  found  in  fine  large  clear  crystals  at  Borax  Lake.  Snn  Bernar- 
dino Co. ;  at  Death  Valley.  Inyo  Co.     Also  Rhodes  Marsh,  etc.,  Esmeralda  Co..  Nevada. 

Named  borax  from  the  Arabic  buraq,  which  included  also  tbe  niter  (Mdiiinx  carbonate) 
of  ancient  writers,  the  natron  of  tbe  Egyptians.  Borax  was  called  chiysoooUa  by  Agncok 
because  used  in  sold*  ring  gold. 


ULBZim.     Boron  at  rocalcite.     Natron  borocalcite. 

Usually  in  rounded  masses,  loose  in  texture,  consisting  of  fine  fibers,  which  i 
are  acicular  or  capillary  crystals.  H.  =  1.  G.  =  1*65.  Luster  silky  within.  | 
Color  white.     Tasteless. 

Comp.— A  hydrous  borate  of  sodium  and  calcium,  probably  NaCaB,0,.8H,0 
=  Boron  trioxide  43*0,  lime  13'8,  soda  7*7,  water  35*5  =  100. 


B0KATS8,  URAKAT18.  B%1 

Pyr.,  etc. — Yields  water.  B.B.  fuses  at  1  with  iutuinesceoce  to  a  clear  blebbj  glass, 
coloring  the  Haiue  deep  yellow.  Moistened  with  sulphuric  acid  the  color  of  tbe  flame  is 
inoineutariiy  changed  to  deep  green.  Not  soluble  in  cold  water,  and  but  little  so  in  hot; 
the  solution  alkuline  in  its  reticiions. 

Obs. — From  tbe  dry  plains  of  Iquiqne,  Chili.  In  Nevada,  in  large  quantities  in  tke 
salt  marshes  of  the  Columbus  Mining  District,  £smeralda  Co. 

Named  after  the  German  chemist,  G.  L.  Ulex 

Bechilite.     CaB40T.4HsO.     In  crusts,  as  a  deposit  from  springs  in  Tuscaaj. 

Hydroboracite.  CHM.ii:B«0ii.6H«0.  Resembles  fibrous  and  foliated  gypsum;  color 
white.     From  the  Caucjisus. 

Sulfoborite.  3MgS04.2Mg»B40,  +  12H«0.  In  colorless  prismatic  orthorhombic  crys- 
tals.    H.  =  4.     G.  =  2 '38-2 '45.     From  Wesieregeln,  Germany. 


Uranates. 

URANINITE.     Cleveite.     Brttggerite.    Nivenite,     Uruupecherz  Oerm, 

Isometric.  In  octahedrons,  also  with  dodecahedral  faces  (d);  less  often  in 
cubes  with  o  and  d.  Crystals  rare.  Usnally  massive  and  botryoidal;  also  in 
grains;  structure  sometimes  columnar,  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5*5.  G.  =  9*0  to  9*7  of 
crystals;  of  massive  altered  forms  from  6*4  upwards.  Luster  submetallic,  to 
greasy  or  pitch-like,  and  dull.  Color  grayish,  greenish,  brownish,  velvet- 
black.     Streak  brownish  black,  grayish,  olive-green^  a  little  shining.    Opaque. 

Comp. — A  uranate  of  uranyl,  lead,  usually  thorium  (or  zirconium),  often  the 
metals  of  the  lanthanum  and  yttrium  groups;  also  containing  the  gases  nitro- 
gen, helium  and  argon,  in  varying  amounts  up  to  2*6  p.  c.  Calcium  and  water 
lessen tiul  ?)  are  present  in  small  quantities;  iron  also,  but  only  as  an  impurity. 
The  relation  between  the  bases  varies  widely  and  no  definite  formula  can  be 
given. 

Var. — The  minerals  provisionally  included  under  the  name  uraniuite  are  as  follows: 

1.  Orj/$taUized,  Uranniobiie  from  Norwhy.  In  crystals,  usually  octahedral,  with  G. 
varying  for  the  most  part  from  9  0  to  0*7;  occurs  as  an  original  constituent  of  coarse 
granite)*.  The  variety  from  Branchville,  which  is  as  free  from  alteration  as  any  yet 
examined,  contains  chiefly  UO9  with  a  relatively  small  amount  of  UOs.  Thoria  is  prom- 
inent, while  the  earths  of  the  l:uithnnum  and  yttrium  groupsareonly  sparingly  represented. 

BrifggeriU^  as  analyzed  by  Hillebmnd,  gives  the  oxygen  ratio  of  U0$  to  other  bases  of 
about  1:1;  it  occurs  in  octiihedral  crystals,  also  with  d  and  a.     G.  =  903. 

Clereite  and  uivenite  contain  UO*  in  larger  amount  than  the  other  varieties  mentioned, 
and  are  chHr:4Cterize<i  by  contnining  about  10  p.  c.  of  the  yttrium  earths.  Cleveile  is  a 
variety  from  the  Arendal  region  occurring  in  cubic  crystals  modified  by  the  dodecahedron 
and  oi'tuhedron.  G.  =  7*49.  It  is  particularly  rich  in  the  gas  helium.  Nivenite  occurs 
massive,  with  indistinct  crvstallizjition.  Color  velvet-black.  H.  =  5  5.  G.  =  801.  It 
is  more  soluble  than  other  kinds  of  uraninitc,  being  completely  decomposed  by  the  action 
for  one  hour  of  very  dilute  sulphuric  acid  at  100*. 

2.  iffM«*M,  probably  amorphous.  Pitchblende.  Uranpecherz  (7«rw.  Contains  no  thoria; 
the  rare  e:irtlis  also  absent.  Water  is  prominent  and  the  specific  gravity  is  much  lower,  in 
some  c>i>es  not  above  6  5;  these  last  differences  are  doubtless  largely  due  to  alteration. 
Here  l)elong  the  kinds  of  pitchblende  which  occur  in  metalliferous  veins,  with  fsulrh'desof 
silver.  I'-nr],  cobalt,  nickel,  iron.  zinc,  copper,  as  that  from  Johanngeorgeustadt,  Pribram, 
etc. :  probably  al<io  that  from  Black  FIa«  k.  Colorado  (Hiliebrand). 

Pyr.,  etc. — B.B.  infusible,  or  only  slightly  rounded  on  the  edges,  sometimes  coloring 
the  outer  flnme  green  (copper).  With  borax  and  salt  of  phosphorus  gives  a  yellow  bead  in 
O.F  .  l)ecomii)g  irreen  in  K.F.  (uranium).  With  soda  on  charcoal  gives  a  coatinir  of  lead 
oxide,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  and 
arsenic  in  the  open  tube  Soluble  in  nitric  and  sulphuric  acids;  the  solubility  differs 
widely  in  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Not 
attractable  by  the  magnet. 
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Obs. — As  noted  above,  uraninite  occurs  either  as  a  primary  constituent  of  granitic  rocks 
or  as  11  secondnry  mineral  with  ores  of  silver,  lead,  copper,  etc.  Under  the  latter  condition 
it  is  found  at  Johanngeorgenstadt.  Marieiiberg,  and  ^>chneeberg  in  Saxony,  at  Joacbimsthal 
and  Pribram  in  Bohemia,  and  Hezbdnya  in  Huuniry.  Occurs  in  Norway  in  pegmatite 
▼eins  at  several  points  near  Moss,  viz.:  Annerod  (brdggeriU),  Elvestad,  etc.;  also  near 
Arendal  at  the  Garta  feldspar  quarry  (clevtite),  associated  with  orthite,  fergusouite,  thorite, 
etc. 

In  the  U.  States,  at  the  Middletown  feldspar  quarry.  Conn.,  in  large  octahedrons,  rare; 
at  Hale's  quarry  in  Glastonbury,  a  few  miles  N.£.  of  Middletown.  At  Branchville,  Conn  , 
in  a  peguiHiitu  vein,  as  small  octahedral  crystnls,  embedded  in  albite.  In  N.  Carolina,  at 
the  Flat  Rock  mine  and  other  mica  mines  in  Mitchell  Co.,  rather  abundant,  but  usually 
altered,  in  part  or  entirely,  to  gummite  and  uranopliane;  the  cry.««tal8  are  sometimes  an  inch 
or  more  across  and  cubic  in  hubit.  In  S.  Carolina,  at  Marietta.  In  Texas,  at  the  gadolinite 
locality  in  Llano  Co.  (niveniU).  In  large  quantities  at  Black  Hawk,  near  Central  City, 
Colorado.  Rather  abundant  in  the  Bald  Mountain  district,  Black  Hills.  S.  Dakota.  Also 
with  monazit  -,  etc.,  at  the  Villeneuve  mica  veins.  Ottawa  Co.,  Quebec,  Canada. 

Oummite.  An  alteration-product  of  uraninite  of  doubtful  composition.  lu  rounded 
or  flattened  pieces,  l(K)king  much  like  gum.  G.  =  3-9-4'20.  Luster  greasy.  Color  red- 
dUh  yellow  to  orange-red,  reddivsh  brown.  From  Johanngeorgenstadt,  also  Mitchell  Co., 
N.  C. 

Yttrogdmmite.     Occurs  with  cleveile  as  a  decomposition- product. 

Thokooummite.  Occurs  with  fergusonite,  cyrtolite,  and  other  species  at  the  gadoli- 
nite locality  in  Llano  Co..  Texas. 

UranoaphaBrite.  (BiO)3U«07-3H|0.  In  half-globular  aggregated  forms.  Color  orange- 
yellow,  brick-red.    From  near  Schneeberg,  Saxony. 
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Oxygen  Salts. 
6.  SULPHATES,  OHROMATES,  TRTJ.URATES, 

A.  Anhydrous  Sulphates,  etc. 

The  important  Barite  Group  is  the  only  one  among  the  anhydrous  sal- 
phates  and  chromates. 

Maacagnite.  Ammonium  sulphate,  (NH4)sS04.  Usually  in  crusts  and  stalactitio 
forms.     Occurs  about  Tolcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorite.  5K|S04.(NH4)|S04.  In  small  compact  lumps  or  concretions.  From  the 
guntio  of  the  Cbincha  Islands. 

Thenardite.  Auhydrous  sodium  sulphate,  NaiS04.  In  orthorhombic  crystals,  pjrram- 
idal,  short  prismati  *  or  tabular;  also  as  twins  (Fig.  846.  p.  118).  White  to  brownish. 
Soluble  in  water.  Often  observed  in  connection  with  salt  lakes,  as  on  the  shores  of  Lake 
Bnlkliash,  Central  Asia;  similarly  elsewhere;  also  in  S.  America  in  Tarapaca.  In  the  U. 
S.  forms  extensive  deposits  oo  the  Rio  Verde,  Arizona.  In  California,  at  Borax  Lake,  San 
Beruardino  Co. 

Aphthitalite.  Arcanite,  (E.Na),S04.  Rhombohedral;  also  massive,  in  crusts.  Color 
white.  From  Vesuvius,  upon  lava;  nt  Douglashall  near  Westeregeln  in  blOdite;  Rocalmuto» 
Sicily. 

OliAUBBRTTZS. 

Monoclinic.    Axes  a:i:6=  1-2200  : 1  :  10275;  fi  =  G?**  49'. 

ca,        001  A  100  =  67*  49'.       cs,    001  A  111  =  43'    2'. 
mm"\  111  A  111  =  96°  58'.       cm,  001  A  110  =  75*  80i'. 

In  crystals  tabular  ]  c;  also  prismatic. 

Cleavage:  c perfect.  Fracture conchoidal.  Brittle. 
H.  =  2-5-3.  G.  =  2  7-2-85.  Luster  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
white.  Taste  slightly  saline.  On  the  optical  prop- 
erties (see  p.  225). 

Comp.— Na,SO,.CaSO,  =  Sulphur  trioxide  57-6, 
lime  20-1,  soda  22*3  =  100;  or.  Sodium  sulphate  51*1, 
calcium  sulphate  489  =  100. 

Pyr.,  etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a  while  enamel,  coloring 
the  tiame  intensely  yellow.  On  rharroal  fuses  in  OF.  to  a  clear  bend;  in  R.F.  a  portion 
is  absorbed  by  the  charcoal,  leaving  nn  infusible  hepatic  residue.  Soluble  in  hydrochloric 
acid.  Ill  wafer  it  loses  its  tnmsparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  «nd  in  a  large  exce«:s  this  is  completely  dissolved. 

Obs.— In  crystals  in  rock  salt  at  Villa  Rnbia,  in  New  Castile,  Spain;  also  at  Aussee, 
Upper  Austria;  Berchtesgaden.  Bavaria;  Westeregeln;  Stassfurt.  In  crystals  in  the  Rio 
Verde  Valley,  Arizona,  with  thenardite.  mirabilite,  etc.;  Borax  lake.  San  Bernardino  Co., 
Calif()niia. 

Langbeinite.  KsMirtCSO*)^  Isometrictotartohedral.  In  highly  modified  colorleat 
crystals.     G.  =  283.     From  Westeregeln.  Germany. 


953. 
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Barlte  Group.     BSO,.     Orthorhombio. 

m  Atw'"  dd'                oo' 

110  A  llo  102  A  I02    Oil  A  oil  dii:i 

Barite              BaSO,      78°  32^'  T7°  43'         105°  26'  0-8152 :  1  :  1-3136 

Cfllwtite          SrSO.       75°  50'  78"  49'         104°    0'  0-7790 : 1  :  1-2801 

Angleslte        PbSO,      7G°  16^'  78°  47'     *    104°  24^'  0-7853  : 1  :  1-2894 

Anhydrite       CaSO,      (83°  33')  (58°  31')        (90°    3')  08933  :  1  : 1-0008 

The  Bakite  Gboup  includes  the  sulphatei  of  burium,  Btrontium,  and  lead, 
threo  sp«ciea  which  are  closely  iaomorphons,  acreeing  not  only  in  axial  ratio 
but  ilIso  ill  crystalline  liabit  and  cleavage.  With  these  is  also  included  calcinm 
Bulphute.unhydrite,  which  has  a  related  bat  not  closely  similiu'  form;  it  diffen 
from  the  others  conspicuouBly  in  cleavage.  It  is  to  he  noted  that  the  carbon- 
ates  of  the  same  metals  form  the  isomorphous  Abagonite  Group,  p.  353. 

BARITE.     Heavy  Spar.     Barylea.     Scbwerapath  Oerm. 
Orthorhombic.     Aies  6:1:6  =  08153  :  1 :  1-3136. 


m",  110  A  liO  =  '.8°  331'. 
001  A  103  =  38°  51i'. 
001  A  Ol!  =  52°  43'. 
966. 


dd" ,  108  A  It*  =  102*  ir. 
00',  on  A  Oli  =  74*84'. 
«,      001  A  111  =    «•  IV. 

966.  967. 


(^ 


^^ 


/^ 


Crvstals  commonly  tabular  Q  c,  and  united  in  diverging  groups  havine  ths 
axis  ^in  common;  also  prismatic,  most  frequently  |  axis  h,  d  (103)  pradomi- 
Bating;  also  \  asis  i,  m  prominent;  again  |  &,  with  o  (Oil)  prominent.  AIM 
im  globular  forma,  fibrous  or  lamellar,  created;  ooanel;  lamiiuted,  * 
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convergent  and  often  curved;  granular,  resembling  white  marble,  and  earthy; 
colors  sometimes  banded  as  in  stalagmite. 

Cleavage:  a  perfect;  m  also  perfect.  Fig.  954  the  form  yielded  by  cleavage; 
also  b  imperfect.  Fracture  uneven..  Brittle.  H.  =  2'5-^'5.  O.  =  4*3-4*6; 
4*489  cryst.  Luster  vitreous,  inclining  to  resinous;  sometimes  pearly  on  c,  less 
often  on  m.  Streak  white.  Color  white;  also  inclining  to  yeUow,  gray,  blue, 
red,  or  brown,  dark  brown.  Transparent  to  translucent  to  opaque.  Sometimes 
fetid,  when  rubbed.  Optically  +.  Ax.  pi.  |  b.  BxXa.  2B,  =  63**  6', 
Pj  =  1*6371,  (see  further  p.  224). 

Vax.— Ordinary,  (a)  Crystals  usually  broad  or  stout;  sometimes  very  large;  again  in 
slender  needles,  {b)  GreiUd;  massive  aggregations  of  tabular  crystals,  the  crystals  project- 
ing lit  surf  lice  into  crest-like  forms,  (c)  Columnar;  the  columns  often  coarse  and  loosely 
aggregated,  and  either  radiated  or  parallel;  rarely  flne  fibrous,  (d)  In  globular  or  nodular 
concretious,  subtibrous  or  columnar  within.  Bologna  Stone  (from  near  Bologna)  is  here 
included;  it  was  early  a  source  of  wonder  because  of  the  phosphorescence  it  exhibited  after 
heating  with  charcoal.  "Bologna  phosphorus"  was  made  from  it.  {e)  Lamellar,  either 
atraight  or  curved;  the  latter  sometimes  us  aggregations  of  curved  scale-like  plates. 
(/)  G^tiuular.  (ff)  Compact  or  cry ptocrystal line.  (7i)  Earthy,  (i)  Staluctitic  and  stalag- 
mitic;  similar  in  structure  and  origin  to  calcareous  stalactites  and  stalaemites  and  of  much 
beauty  when  polished.  (A)  Fetid;  so  called  from  tlie  odor  given  off  when  struck  or  when 
two  pieces  are  rubbed  together,  which  odor  may  be  due  to  carbonaceous  matters  present. 

The  barite  of  Muzsa],  Himgary,  and  of  Better,  near  Rosenau,  was  early  called  Wolnyn, 
Cawk  is  the  ordinary  barite  of  the  Derbyshire  lead  mines.  DrteUte,  supposed  to  be  rhom- 
bohedral.  is  simply  barite.  Mie/tel-levyte  from  Perkin's  Mill,  Templetou,  Quebec  (described 
as  monoclinic),  is  peculiar  in  its  pearly  luster  on  m,  twinning  striatious,  etc. 

Comp.— Barium  sulphate,  BaSO^  =  Sulphur  trioxide  34*3,  baryta  65*7  =  100. 

Strontium  sulphate  is  often  present,  also  calcium  sulphate;  further,  as  impurities,  silica, 
clay,  bituminous  or  carbonaceous  substances. 

P3rr.,  etc. — B.B.  decrepitates  and  fuses  at  8,  coloring  the  flame  yellowish  FJ^f^n;  the 
fused  mass  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda 
gives  at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads 
out  and  soaks  into  the  coal.     This  reacts  for  sulphur  (p.  282).     Insoluble  in  acids. 

Diflf. — Characterized  by  high  specific  gravity  (higher  thon  celestite,  aragonite,  albite, 
calcite,  gypsum,  etc.) ;  cleavage ;  insolubility ;  green  coloration  of  the  blowpipe  flame. 
Albite  is  harder  and  calcite  effervesces  with  acid. 

Obs. — Occurs  commonly  In  connection  with  beds  or  veins  of  metallic  ores,  especially  of 
lead,  also  copper,  silver,  cobalt,  manganese,  as  part  of  the  gangue  of  the  ore;  also  often 
accompanies  stibnite.  Sometimes  present  in  massive  forms  with  hematite  deposits.  It  is 
met  with  in  secondary  limestones  and  sandstones,  sometimes  forming  distinct  veins,  and  in 
the  former  often  in  crystals  along  with  calcite  and  celestite;  in  the  latter  often  with  copper 
ores.  Sometimes  occupies  the  cavities  of  amvgdaloidal  basalt,  porphyry,  etc.;  forms  earthy 
masses  in  beds  of  marl.  Occurs  as  the  petrifying  material  of  fossils  and  occupying  cavities 
in  them. 

Fine  crystals  are  obtained  at  the  Dufton  lead  mines,  Westmoreland.  England;  also  in 
Cumberland  and  Lancashire;  in  Derbyshire,  Staffordshire,  etc.;  Cleator  lioor;  Alston 
Moor.  In  Scotland,  in  Argyleshire.  at  Strontian.  Some  of  the  most  important  of  the 
many  European  localities  are  FelsObdnya,  Nagybdnya.  Schemnitz.  and  Kremnitz,  in 
Hungary,  often  with  stibnite;  Httftenberg,  Carinthia;  Freiberg,  Marienberg,  in  Saxony; 
Clausthal  in  the  Harz;  Ff  ibram,  Bohemia;  with  the  manganese  ores  of  Ilefeld,  (Ehrenstock, 
etc.;  Auver^o. 

In  tlu*  U.  States,  formerly  in  Conn.,  at  Cheshire,  intersecting  the  red  sandstone  in  veins 
with  cbalcocite  and  malachite.  In  N.  York,  at  Pillar  Point,  opposite  Sackett's  Harbor, 
massive;  at  Scoharie,  fibrous;  in  St.  Lawrence  Co.,  crystals  at  De  Kalb;  the  crested  variety 
at  Hammond.  In  Pgnn.,  in  crystals  at  Perkiomen  lead  mine.  In  Virginia,  at  Eldridge's 
gold  mine  in  Buckingham  Co.  In  N.  Carolina,  white  massive  at  Crowders  Mt.,  Gaston 
Co.,  etc.  In  Tenn.,  on  Brown's  Creek;  at  Haysboro',  near  Nashville:  in  large  veins  in 
sandstone  on  the  W.  end  of  I.  Royale,  L.  Superior,  and  on  Spar  Id.,  N.  shore.  In  Mis$ouri, 
not  uncommon  with  the  lead  ores;  in  concretionary  forms  at  Salina,  Saline  Co.,  Kansas. 
In  Colorado,  at  Sterling,  Weld  Co  ;  Apishapa  Creek;  also  in  El  Paso  and  Fremont  Cos.  lo 
flue  crystals,  near  Fort  Wallace,  New  Mexico. 
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In  OutaHo,  in  Bathurst.  i^nd  N.  Burgess,  Lanark  Co. :  Galway.  Peterborousrb  Co. ;  as  large 
veins  on  Jarvis.  McKellars,  and  Pie  isltiiids,  in  L.  Superior,  and  near  Fort  William.  Tbunder 
Bay.  In  Nova  Scotia,  in  veins  in  the  slates  of  East  River  of  the  Five  Islands,  Colcbeater 
Co. 

Named  from  ffcxfjvs,  hsavy. 


OBXjBSTITB.    Coelestine. 
Orthorhombic.     Axes  a  :l\t  =  0-7790  :  1 : 1-2800. 

966.  967. 


mw'".  110  A  110  =  75*  50'.  cd.  001  A  102  =  89"  24i'. 

el,        001  A  104  =  22'  20*.  co,  001  A  Oil  =  52'    (T. 

Crystals  resembling  those  of  barite  in  habit;  commonly  tabular  |  ^  or 
prismatic  ||  axis  a  or  ^  also  more  rarely  pyramidal  by  the  prominence  of  the 
forms  ^  (133)  or  x  (1^^^)-  ^^^^  fibrous  and  radiated;  sometimes  globular; 
occasionally  granular. 

Cleavage:  c  perfect;  m  nearly  perfect;  h  less  distinct.     Fracture  uneven. 

H.  =  3-3*5.     G.  =  3-95-3*97.     Luster  vitreous,  sometimes  inclining  to  pearly. 

Streak   white.      Color   white,   often   faint   bluish,   and    sometimes    reddish. 

Transparent  to  subtranslucent.     Optically +.     Ax.  pi.  |  *.     BxX«.     2Ey  = 

89°  36'.     /?y  =  1-6237. 

Var. — 1.  Ordinary,  (a)  In  crystals  of  varied  habit  as  noted  above:  a  tinge  of  a  delicate 
blue  is  very  common  and  sometimes  belongs  to  only  a  part  of  a  crystal.  The  variety  from 
Montmartre,  called  apotome,  is  prismatic  by  extension  of  o  (Oil)  and  doubly  terminated  by 
the  pyramid  ^  (133)  (b)  Fibrous,  either  parallel  or  radiated,  {e)  Lamellar;  of  rare  occur- 
rence, id)  Granular.  («)  Concreliouary.  (/)  Earthy;  impure  usually  with  cnrboDate  of 
lime  or  clay. 

Comp. — Strontium  sulphate  =  SrSO^  =  Sulpiiur  trioxide  43-6,  strontia 
56'4  =  100.     Calcium  and  barium  are  sometimes  present. 

P3rr.,  etc. — B.B.  frequently  decrepitates,  fuses  nt  3  to  a  white  pearl,  coloring  the  flame 
strontia-red;  the  fused  nmss  reacts  alkaline.  On  chnrc<»al  fuses,  and  in  R.F.  i.s  converted 
into  a  ditficultly  fusible  hepatic  mass;  this  treate(i  with  hvdrochloric  acid  and  a1cf>ho]  gives 
an  intensely  red  flame      With  sociii  on  charcoal  reacts  liko  barito.     Insoluble  in  acids. 

DiflF.— Characterized  by  form,  clcavnge,  hiirh  specific  gravity  r^d  coloration  of  tbe 
blowpipe  flume.  Does  not  effervesce  with  acids  like  the  carbonates  (e.g.,  atrontianite); 
specific  gravity  lower  than  that  of  barite. 

Obs. — Usu  illy  associated  with  limestone,  or  sandstone  of  various  nges;  occasionally  wilb 
metalliferous  ores,  as  with  i^alena  and  sphalerite  at  Oontl  Tcet,  France;  nt  Kczbduva, 
Ilungriry;  also  in  beds  of  |ryi^«'iin.  rock  salt,  as  nt  Bex,  Switzerlind,  I<chl  Austria.  Luoe- 
l)er!j:.  Hannover;  sometimes  fills  cavities  in  fossils,  e.g.,  ammonites;  with  sulpliur  in  some 
volcanic  resdons  as  at  Girgenti.  Sicily. 

Specimens,  finely  crystallized,  of  a  bluish  tint,  are  found  in  limestone  about  Lake 
Hurr»?i,  particularly  on  Drummond  Island,  also  on  Strontian  Is..  Put  in  Bay.  L.  Erie,  aod 
at  Kingston  in  Ontario.  Canada;  Chaumont  Bay.  L.  Ontario.  Schoharie,  and  Lockport^ 
N.  Y.  A  blue  fihrous  celestile  occurs  at  Bell's  Mills.  Bhiir  Co  ,  Penn.  In  Minemi  Co., 
W.  Virginia,  a  few  miles  south  of  Cumberland,  Md.,  in  pymmidal  blue  crystals,     to  Teiai^ 
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at  Lampnsas,  large  crystals.  With  colemanite  at  Death  Valley,  San  Bernardino  Co.» 
California.  In  Canada,  in  crystalline  masses  at  Kingston,  Frontenac  Co.;  Lansdowo^ 
Leeds  Co  ;  in  radiating  fibrous  masses  in  the  Laurentinn  of  Renfrew  Co. 

Kamed  from  cceUstts,  celestial,  in  allusion  to  the  faint  shades  of  blue  often  present* 


ANGLBSITB.    Bleivitriol,  Viiriolbleierz  Oerm. 
Orthorhombic.    Axes  a  :  5 :  (J  =  0-7852  : 1  : 1-2894. 


968. 


969. 


970. 


mm'",  110  A  lIO  =  76*  16i' 
cl,        001  A  104  =  22*  ly. 


ed,  001  A  102  =  89'  28'. 
CO,  001  A  Oil  =  62*  12'. 


Crystals  sometimes  tabular  |  c\  more  often  prismatic  in  habit,  and  in  all  the 
three  axial  directions,  m^  d,  o,  predominating  in  the  different  cases;  pyramidal 
of  varied  types.     Also  massive,  granular  to  compact;  stalactitic;  nodular. 

Cleavage:  c,  m  distinct,  but  interrupted.  Fracture  conchoidal.  Very 
brittle.  H.  =  2*75-3.  G.  =  6*3-6-39.  Luster  highly  adamantine  in  some 
specimens,  in  others  inclining  to  resinous  and  vitreous.  Color  white,  tinged 
yellow,  gray,  green,  and  sometimes  blue.  Streak  uncolored.  Transparent  to 
opaque.  Optically  +.  Ax.  pi.  |  ft.  Bx  J.  a.  2H^y  =  89°  52',  Dx.  Indices 
measured  by  Arzruni: 


a 

P 

r 

2V 

2V  (cal< 

For  C  at  20* 
D     •* 

1-86981 
1  -87709 
1-89549 

187502 
1-88226 
1-90097 

1-88680 
l-89;)65 
1-91268 

75*24' 

68* 

Dat    50' 
"     100' 
*•     200' 

1-87636 
1  -87529 
1-87260 

1-88166 
1-88080 
187883 

1-89281 
1-89184 

1  -88754 

77' 40* 
82' 44' 
89Mr 

69^ 

72* 

77* 

Comp. — Lead  sulphate,  PbSO^  =  Sulphur  trioxide  26*4,  lead  oxide  73*6  = 
100. 

P3rr.,  etc.—B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =  1*5).  On  cliarcoat 
in  O.F.  fuses  to  a  clear  i)earl,  which  on  cooling  becomes  milk-white;  in  R.F.  is  reduced 
with  eflf(;rvescence  to  metallic  lend.  With  soda  on  charcoal  in  R.F.  gives  metallic  lead, 
and  the  soda  is  absorbed  by  the  coal.     Difficultly  soluble  in  nitric  acid. 

DifF  — Characteiized  by  hiirh  specific  gravity  adamantine  luster;  cleavage:  and  by  yield- 
ing lead  B.B.    Ct-russite  eflferve.scea  in  nitric  acid. 

Obs.— A  result  of  tlie  decomposition  of  galena,  and  often  found  in  its  cavities;  also 
surrounds  a  nucleus  of  galena  in  concentric  layers.  First  found  in  England  nt  Pary's 
mine  in  Anglesea;  nt  Leadhills;  in  Derbyshire  and  in  Cuml)erlnnd  in  crystjils;  Clausthal, 
in  the  Harz;  near  Siegen  in  Prussia;  Schnpbach  and  Badenweiler  in  Baden:  PelsObdnya 
and  elsewhere  in  Hungnry;  Nerchinsk,  Siberia:  and  at  Monte  Poni.  Sardinia;  Granada: 
massive  in  Siberia.  Andalusia:  in  Australia,  whence  it  is  expoited  to  England.  In  the 
Sierra  Moja  la.  Mexico,  in  immense  quantities,  mostly  massive. 

In  the  United  States  in  crystals  at  Wheatley's  mine,  Phenixville,  Pa. ;  in  Missouri  lead 
mines;  in  crystals  of  varied  habit  at  the  Mountain  View  mine,  Carroll  Co.,  Maryland.    In 
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Colorado  tt  various  poiuU,  but  less  common  than  cerussite.  At  the  Cerro  Gordo  miDes  of 
Calif oruia  (argeutiferous  ^lena),  witli  other  lead  miuerals.  In  Arizona,  in  the  mines  of 
the  Castle  Dome  district,  Yuma  Co.,  and  elsewhere. 

Named  from  the  locality,  Auglesea.  where  it  was  first  foond. 

ANHTDRTTS. 

Orthorhombic.    Axes  df :  i  :  <5  =  0-8933  :  1  :  1-0008. 

mm'",  110  A  no  =  88'  Sy  «•.  Oil  A  Oil  =  90*    8* 

rr\       101  A  101  =  9«'  30'  bo,   010  A  HI  =  56*  W 

Twins:  1,  tw.  pi.  d  (012);  2,  r  (101)  occasionally  as  tw.  lamellsB.     Crystals 
971.  not    common,   thick    tabular, 

^'^^-  also  prismatic  |  axis  h.     Usu- 

ally massive,  cleavable,  fibrous, 
lamellar,  granular,  and  some- 
times impalpable. 

Cleavage:  in  the  three  pin- 
^,^2  \  r\l     acoidal  directions  yielding  rect- 

angular fragments  but  with 
varying  ease,  thus,  c  very  per- 
fect; 0  also  perfect;  a  some- 
what less  so.  Fracture  uneven, 
971,  972,  Stassfurt,  Hbg.     973,  Aussee,  Id.  sometimes    splintery.     Brittle. 

H.  =  3-3-5.  G.  =  2-899-2-985. 
Luster:  c  pearly,  especially  after  heating  in  a  closed  tube;  a  somewhat  greasy; 
b  vitreous;  in  massive  varieties,  vitreous  inclining  to  pearly.  Color  white, 
sometimes  a  grayish,  bluish,  or  reddish  tinge;  also  brick-red.  Streak  grayish 
white.     Optically  +.     Ax.  pi.  |  *.     Bx  J.  a.    2Er  =  70.     /3  =  1-576. 

Var.— 1.  Ordinary,  (a)  Crystallized;  crysUils  rare,  more  commonly  massive  and  cleav- 
able in  its  three  rectangular  directions,  (b)  Fibrous;  either  parallel,  radiated  or  plumose. 
(e)  Fine  granular,  (d)  Scaly  granular.  VulpinUe  is  a  scaly  granular  kind  from  Vulpino 
in  Lombardy;  it  is  cut  and  polished  for  ornamental  purposes.  A  kind  in  contorted  concre- 
tionary forms  is  the  tripestone  {Gekrdistein  or  Schlangef alabaster), 
2.  Pseudomorphous  ;  iu  cubes  after  rock-salt. 

Comp. — Anhydrous  calcium  sulphate,  CaSO«  =  Sulphur  trioxide  58'8,  lime 
41-2  =  100. 

Pyr.,  etc.^B.B.  fuses  at  8.  coloring  the  flame  reddish  yellow,  and  yielding  an  enamel- 
like  bead  which  reacts  alkaline.  On  charcoal  in  R.F.  reduced  to  a  sulphide;  with  soda 
does  not  fuse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite;  is,  however, 
decomposed,  and  yields  a  mnss  which  blackens  silver.  Soluble  in  hydrochloric  acid. 
*  DiiOT. — Characferized  by  its  cleavage  in  three  rectangular  directions  (pseudo-cubic  in 
aspect):  harder  tlian  gypsum;  does  not  effervesce  with  acids  like  the  carbonates. 

Obs.  — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rock-salt;  at  the  salt 
mine  nimr  H:ill  in  Tvrol;  of  Bex.  Switzerland:  at  Anssec,  crystallized  and  massive: 
Lnnf'burir.  Huunover;  Kapnik  in  Hungary;  Wieliczka  in  Poland;  Ischl  in  Upper  Austria: 
Berchtef^enden  in  RuvHria;  Stassfurt,  iu  fine  crystals,  embedded  in  kieserite;  in  cavities  in 
lava  at  Santnnn. 

In  the  U.  Stato«,  at  Lockport.  N.  Y.,  fine  blue,  in  geodes  of  black  limestone,  with  calcite 
and  gypsum;  in  limestone  at  Nashville,  Tenn.,  etc.     In  Nova  Scotia  it  forms  extensive 

beds. 

Anhydrite  by  absorption  of  moisture  changes  to  gypsum.  Extensive  beds  are  some- 
times thus  altered  in  part  or  througliout.  as  at  Bex.  in  Switzerland,  where,  by  digging 
down  60  to  100  ft.,  the  unaltered  anhydrite  may  be  found.  Sometimes  specimens  of 
anhydrite  are  altered  between  the  folia  or  over  the  exterior. 

Zinkosite.    ZnSOi.    Reported  as  occurring  at  a  mine  in  the  Sierra  Almagrera,  Spain. 
Hydrocyanita.    CuSOi.    Found  at  Vesuvius  as  a  pale  green  to  blue  incruttation  after 
tke  eruption  of  1868. 


atTLPHATIS,  CHROUATKS,  STOL 


CROOOITB.     Rothblelerz,  Qarm. 
Monodinic.     Axea  a:l:i:=  09603  :  1 :  0-9159;  0  = 


074. 


Crystals  usually  prismatic,  habit  raned.  Also  imperfectly 
oolnmnsr  and  granular. 

Cleavage:  m  rather  distinct;  c,  a  less  so.  Fracture  atnall  cod* 
choidal  to  uneven.  Sectile.  H.  =  2-6-3.  G.  =  5-9-6  1.  Luster 
adamaiitiiie  to  vitreuus.  Color  various  shades  of  bright  hyacinth- 
red,     Scieak  orauee-yellov.    Translucent. 

Comp.— Lead  Siromate,  PbCrO,  =  Chroroinm  trioxide  31'1, 
lead  protoxide  089  =  100. 

Pyr.,etc. — In  the  cloeed   tube   decrepttaleB,  blackens,  but   recoTers   iis 
oiigiii'il  color  ou  couling.     B.B.  luaea  nt  I'S,  aud  ou  ctiart-oal  Is  reduced  to 
melaJlic  lenil  with  dedugraiiuu,  lenviog  s  residue  of  chnitnliiui   oxide,  and   giving  n  lead 
coating.     With  anlt  oF  pboapLoruB  giveB  au  euemld-green  bead  In  bolh  Uiimes. 

Oba.^Firet  found  al  Berezuv,  io  crytluls  !□  quartz  relDB;  mIso  at  Hiiraioka  and  neat 
Nizhui  Tagilsk  in  the  Unil;  iu  Brazil,  at  Coueonljaa  do  Campo;  at  Rezb&uyu  in  Hungu;, 
Moldawii  iu  Hungary;  ou  Luzou,  one  of  tbe  Pbilipplneai  from  Tasmania;  in  the  Vultuia 
diatrici,  Haricopn  Cu.,  Arizuua. 

Tlie  uBuie  OrotoiU  la  from  icftoxoi,  uijfron. 

Phanicochroite.  PbtEnitile.  A  basic  lead  chroniate,  3Fb0.2CrOi.  Iti  crystals  and 
tuassive.     Color  betneen  cochineal-  and  hyacinth-red.     From  Berezov  in  the  Ural. 

VanqasUnlte.  A  phospbci-cbroinale  of  lead,  perbupa  2(Pb,Cu)CrO,.(Pb,Cii)iP,0..  In 
crysiaU;  nlao  mnmmillarj  and  reDltorm.    Color  green  U>  brown.    From  Berezov  In  the 


Sulphates  with  Chlorides,  Carbonates,  etc.— In  part  hydrous. 

lbadhhiUtb. 

Monoclinic.     Axes  4  :  i  :  rf  =  1-7476  :  1 :  3-8154;  0  =  89"  48'. 
mm'",  no  A  iio  =  lao*  ar.  «.  ooi  a  m  =  m*  ai'. 

w,      001  A  IC  =    51'  86*.  em,  001  A  110  =  86'  64'. 

Twins:  tw.  pi.  m,  analogous  to  aragonite.     Crystals  commonly  tabular  |  c. 

Cleavage:  c  very  perfect;  a  in  traces.  Fracture  conchoidal,  scaraely 
observable.  Rather  sectile.  H.  =2'5.  G.  =  6'26-€'44.  Lnater  of  e  pearly, 
other  parts  reeinous,  somewhat  adamantine.  Color  white,  passing  into  yellow, 
green,  or  gray.    Streak  nncolored.    Transparent  to  traiiBlucent. 

Comp.— Sill phato-carbonate  of  lead,  perhaps  4PbO.SO,.2CO,.H,0=Sulphar 
trioxide  7-4,  carbon  dioxide  8'2,  lead  oxtde  827,  water  17  =  100. 

Pyr..  etc.— B.B.  jntiimesces,  fiisea  at  I'S.  and  Itims  yellow;  biil  becomes  white  on 
coaling.  EiHlv  reduced  on  charcoal.  With  soda  afFords'lhe  reaction  for  sulphuric  acid. 
'EttfTvi-K.n  hriskly  In  nitric  acid,  aud  leaves  while  lend  sulphate  undissolTed.  Yields  water 
iu  tliL-cU'snl  lube. 

Oba  —Found  at  Leadhills,  with  other  ores  of  lead:  Red  0111.  Camberland:  at  Matlock, 
Derbjsblrv.  From  llie  Mala  Catzetta  lead  mine  near  Igleaiaa,  Sardinia  {ma^eUt).  Observed 
from  Arizona,  at  the  Schuiz  gold  mine  with  wulfenlte,  vanadtnlte,  cenisiite;  partlj  altered 


SnsAHinTB.  Regarded  at  one  time  aa  rhombohedral  and  dimorphous  with  leadhtlUto, 
at  probably  only  a  modiflcation  of  that  speclet.  From  tbe  SuNUua  mine,  LeadhDIs,  In 
cotland. 
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Sulphohalite.    8NasS04.2NACl.    In  pale  greeuish  jcllow  dodecabedroDS.    From  Borax 
lake,  StiD  BeruardiDo  Co.,  Cal. 

Caracolite.  Perhaps  PbvOH)Cl.NasS04.  As  a  crystalline  incrustation.  Colorless. 
From  Atnc^uiu. 

Kainite.  MgS04.KCl  -j-  8UsO.  Usually  granular  massive  and  in  crusts.  Color  white 
to  dark  ilesli-red.     From  Stiiirsfurt;  KalubZ,  Gulicia. 

Connellite.  Probably  Cuia  C1.0H)4SOia.l5U,0.  Crystals  slender,  liezagonal  priam* 
(Fig.  204,  p.  69).     Color  tine  blue.     From  Cornwall. 

Spangolite.  A  highly  basic  sulphate  of  aluminium  and  copper,  CuaAlCISOm.^HaO.  In 
dark  green  hexagomil  crystals  (liemiuiorphic),  tabular  or  short  prismatic.  From  the  neigh* 
borhood  of  Tombstone,  Arizona. 

Hanksite.  9Na9SO4.2Na3COs.KCl.  In  hexagonal  prisms,  short  prismatic  to  tabular; 
also  in  quartzoids  (Figs.  202,  208,  p.  69).  Color  white  to  yellow.  From  Borax  Lake,  San 
Bernardino  Co.,  California;  also  from  Death  Valley.  Inyo  Co. 


B.  Acid  and  Basic  Sulphates. 


Blisenite.    Probably  acid  potassium  sulphate,  HKSO4.    In  silky  fibers  of  a  white  color* 
From  Cape  Misene,  near  Naples. 


BROOHANTrrC. 

Orthorhonibic.     Axes  dilxi-  0*7739  :  1  :  0'4871. 

In  groups  of  prismatic  aciciilar  crystals  {mm'"  =  75°  28')  and  drusy  cmsts; 
massive  with  reiiiform  structure. 

Cleavage:  h  very  perfect;  v\  in  traces.  Fracture  uneven.  H.  =  3'5-4. 
G.  =  3'907.  Luster  vitreous;  a  little  pearly  on  the  cleavage- face  b.  Color 
emerald-green,  blackish  green.    Streak  paler  green.   Transparent  to  translucent 

Comp.— A  basic  sulphate  of  copper,  CuS0,.3Cu(0H),  or  4Cu0.80,.3H,0  = 
Sult)hur  trioxide  17  7,  cupric  oxide  703,  water  12  0  =  100. 

Pyr.,  etc.— Yields  water,  and  at  a  higher  lempemture  sulphuric  acid,  in  the  closed  tube, 
and  becomes  black.  B  B.  fuses,  and  on  charcoal  affords  metallic  copper.  With  soda  gives 
the  reaction  for  sulphuric  acid. 

Obs.— Occurs  in  the  Unil;  the  kOniffine  (or  kOntgtie)  was  from  Gumesheysk;  near 
Roughten  Gill,  in  Cumberland:  in  Cornwall  (in  part  ttaringioniU):  at  Uezbdnya;  in  small 
beds  at  Krisnvig  in  Iceland  (krisuvfgite)',  in  Mexico  {brongvattine  :  Atacama.  In  the 
XJ.  States,  at  Monarch  mine,  Chaffee  Co.,  Colorado;  in  Utah,  Tintic  district,  at  the  Mam- 
moth mine. 

Lanarkite.  Basic  lead  sulphate.  Pb^SOft.  In  monoclinic  crystals.  Color  greenish 
■white,  pale  yellow  or  gray.     From  Leadliills,  Scotland;  Siberia;  the  Harz. 

Dolerophanite.  A  basic  cupric  sulphate.  Cu.SOsC?).  In  small  brown  monoclinic 
crystals.     From  Vesuvius  («  ruption  nf  186R). 

Caledonite  A  basic  sulphate  of  lead  and  copper,  perhaps  2(Pb,Cu)O.SO».H80.  In 
small  prismatic  c«  ystals.  Color  deep  verdigris-green  or  bluish  green.  From  Le}idbill8: 
Red  Gill,  Cumberland,  etc.;  Inyo  Co.,  Cal. 

liinarite.  A  basic  sul;  hate  of  lead  and  copper.  fPb.Cu)S04.fPb,Cu)(0H),.  In  deep 
blue  monoclinic  crystals.  From  Leadhills;  Cumberland;  the  Ural,  etc.  Also  Inyo  Co., 
California. 

Antlkrite.     Perhaps  3CuS04.7Cu(OH),.     In  light  green  soft  lumps.    From  the  Antler 
mine.  Mohave  Co.,  Arizona. 

Alumian.  Perhaps  Al«0s.2S0i.  White  crystalline  or  massive.  Sierra  Almagrera, 
Spain. 


SOLPHA^TEB,   0HB0HATE8,   ETC, 


C.  Normal  Hydrous  Sulphates. 


Three  well -cliaracteri zed  groups  are  included  here.  Two  of  these,  the 
Epsomite  Qboup  and  the  Melantekite  Group,  have  the  same  general 
formula,  KSO,  +  711,0,  but  in  the  first  the  cryetallization  is  orthorhom bic, 
in  the  aeoond  inonodinic.  The  species  are  beet  known  from  the  artitlcial 
crystals  of  the  laboratory;  the  native  minerals  are  rarely  crydtallized.  There 
is  also  the  isometric  Aluu  Gaoup,  to  which  the  aame  remark  is  applicable. 


UIRABIUTB.    Gluiiber  Silt. 

Monoclirilc.  Crystals  like  pyroxene  in  habit  and  angle.  tTsnally  in 
efDoreseent  crusts. 

Cleavage:  a  perfect;  c,  ft,  in  traces.  H.  =  l'5-2.  G.  =  1'481.  Laater 
vitreous.  Color  white.  Trausparent  to  opaque.  Taste  cool,  then  feebly 
saline  and  bitter. 

Comp. — Ilydrona  sodium  sulphate,  Na.SO,  +  lOH.O  =  Sulphur  trioxide 
24-8,  Boda  19-3,  water  55-9  =  100. 

Pyt,,  etc.— Ill  ihe  closed  liiltL-  much  water;  gives  un  fDlenw  yellnw  lo  Ibe  flame.  Very 
■oluble  ill  wHlLT.     Logc-s  its  wnler  on  exposure  lo  dry  air  and  fnlls  to  powder. 

Oba.—Occurs  at  Isclil,  Hsllsliidt,  aud  Aussee  in  Upper  Auslria;  also  Id  Hungary, 
SwUzcrlniiil.  lialy;  at  ibe  liot  spHugs  at  Carl  bad.  etc.  Large  quaotities  oF  Ibis  sodium 
sulphate  arc  obiaiiied  from  the  waters  of  Oreal  Salt  Lake.  Ulnli. 

Kleiarite,  Mi;80,  +  H,0.  Usually  massive,  graoular  to  compact.  Color  white, 
gmyjsli,  yellowish.     From  Slasafurt;  Hallsladi;  India. 

fismikite.     MoSO,  +  U,0.     filaloctllic.     Whitish,  reddish.     From   FelsObinya,  Hud- 

OTPSUM. 

Monocliuic.    Axes  a:i:6:  =  0-6899 : 1  : 0-4124;  /3  =  80°  42'. 
mm'",  no  A  li0  =  fte°80',  if.     Ill  a  ill  =  86°  IS*. 

at.       IWl  A  101  =  58*17.  '  '  '       '^- 

1  =  83°    81'. 


001  A  103=  11°  28*. 


on 


.011  =W17J'. 


n',  ill  A  iil  =  4r'20'. 
U.  110  A  III  =4r  v. 
in,  110  a  ili  =  59°15'. 


^^2:?!. 


^=b^ 


Crystals  nsually  simple  in  habit,  common  form  flattened  Q  h  or  prismatic  to 
acicular  \  i;    again   prismatic  by  extension  ol  /  (111).     Also  lenticnlar  by 
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rounding  of  I  (111)  and  e  (l03).  The  form  e  (l03),  whose  faces  are  usnally 
rough  and  convex,  is  nearly  at  right  angles  to  the  vertical  axis  (edge  m/m,'" ), 
hence  the  apparent  hemimorphic  character  of  the  twin  (Fig.  979).  Simple 
crystals  often  with  warped  as  well  as  curved  surfaces.  Also  n)liated  massive; 
lamellar-stellate;  often  granular  massive;  and  sometimes  nearly  impalpable. 
Twins:  tw.  pi.  a,  very  common,  often  the  familiar  swallow-tail  twins. 

Cleavage:  h  eminent,  yielding  easily  thin  polished  folia;  a  (100),  giving  a 
surface  with  conchoidal  fracture;  n  (111),  with  a  fibrous  fracture  \  i  (Toi);  a 
cleavage  fragment  has  the  rhombic  form  of  Fig.  549,  p.  222,  with  plane  an- 
gles of  66°  and  114°.  H.=  1-5-2.  G.=  2-314-2-328,  when  in  pure  crystals.  Lus- 
ter of  h  pearly  and  shining,  other  faces  subvitreous.  Massive  varieties  often 
glistening,  sometimes  dull  earthy.  Color  usually  white;  sometimes  gray, 
flesh-red,  honey-yellow,  ocher-yellow,  blue;  impure  varieties  often  blacky 
brown,  red,  or  reddish  brown.     Streak  white.    Transparent  to  opaque. 

Optically  -f.  Ax.  pi.  ||  5.  and  Bx  A  (J  =  -f  52i°  (at  9-4**  C),  (cf.  Figs.  549, 
550,  p.  222).  Dispersion  p  >  vx  also  inclined  strong.  Bx,  A  Bx^  =  0°  30'. 
2Er  =  95°  14'  at  20°.  /?y  =  1*5226,  ^  -  a  =  0009.  On  the  effect  of  heat 
on  the  optical  properties,  see  p.  225. 

Vur.— 1.  Grystallued,  or  Seleniie;  colorless,  transparent;  in  distinct  crystals,  or  broAd 
folia,  often  large.  Usually  flexible  and  yielding  a  fibrous  fracture  1 1  (101),  but  the  variety 
from  Montmartre  rather  brittle. 

2.  Fibrous;  coarse  or  fine.  Called  Satin  spar,  when  fine-fibrous,  with  pearly  opal- 
escence. 

.  8.  Massive;  Alabaster,  a  flne-grnined  variety,  white  or  delicatel}'  shaded;  earthy  or  roek" 
gypsum,  a  dull-colored  rock,  often  impure  with  clay,  calcium  carbonate  or  silica. 

Also,  in  caves,  curious  curved  forms,  often  grouped  in  rosettes  nnd  other  shapes. 

Comp.— Hydrous  calcium  sulphate,  CaSO^  +  2H,0  =  Sulphur  trioxide 
46-6,  lirae  32-5,  water  20*9  =  100. 

P^r,  etc.— In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2'5-3, 
coloring  the  flame  reddish  yellow.  For  other  reactions  see  Anhydrite,  p  528.  Iffuited 
at  a  temperature  not  exceeding  260°  C,  it  again  combines  with  water  when  moistened,  and 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Diff. — Characterized  by  its  softness  in  all  varieties,  and  by  cleavages  in  crystallized  kinds; 
it  does  not  effervesce  with  acids  like  calcite,  nor  gelatinize  like  the  zeolites;  harder  than  talc 
and  yields  much  water  in  the  tube. 

Obs.—Qypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rocks, 
especially  limestones,  and  marlites  or  clay  beds.  It  occurs  occasionally  in  crystalline 
rocks.  It  is  also  a  product  of  volcanoes,  occurring  about  fumaroles.  or  where  sulphur 
eases  are  escaping,  being  formed  from  the  sulphuric  acid  generated,  and  the  lime  afforded 
by  the  decomposing  lavas.  It  is  also  produced  by  the  decomposition  of  pyritc  when  lime 
is  present.  Gypsum  is  also  deposited  on  the  evaporation  of  sea-water  and  brines,  in  whidi 
it  exists  in  solution. 

Fine  spnecimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland;  Hall  in  Tyrol;  the 
sulphur  mines  of  Sicily;  in  the  clay  of  Shotover  Hill,  near  Oxford;  and  large  lenticular 
crystals  at  Montmartre,  near  Paris.  A  noted  locality  of  alabaster  occurs  at  Castelino, 
85  m.  from  Leghorn,  whence  it  is  taken  to  Florence  for  the  manufacture  of  vases, 
figures,  etc. 

Occurs  in  extensive  beds  in  several  of  the  United  State<».  and  more  particularly  N.  York, 
Ohio.  Illinois,  Virginia.  Tennessee,  and  Arkansas,  and  is  usually  associaled  with  salt 
springs,  also  with  rock  salt.     Also  on  a  large  scale  in  Nova  Scotia,  elr.. 

Handsome  selenite  and  snowy  gypsum  orcnr  in  N.  York,  near  Lockport  in  limestone. 
In  Maryland,  large  grouped  crystals  on  the  St.  Mary's  in  clay.  In  Ohio,  large  transparent 
crystals  have  been  found  at  Ellsworth  and  Canfield.  Trumbull  Co.  In  Ttnn.,  selenite  nnd 
alabaster  in  Davidson  Co.  In  Kentucky,  in  Mammoth  Cave,  it  has  the  forms  of  rosettes, 
or  fiowers,  vines,  and  shrubbery.  Also  common  in  isolated  crystals  and  masses,  io  the 
Cretaceous  clays  in  the  western  U.  S.  In  enormous  crystals,  several  feet  In  length,  in 
Wayne  Co.,  Utah.  In  N.  Seotia,  in  Sussex.  Kings  Co.,  large  single  and  grouped  cryitak, 
which  mostly  contain  much  symmetrically  disseminated  sand. 


SULPHATES^   CHKOMATES,  XTC.  5^ 

Named  from  yvifoi,  the  Greek  for  the  mineral,  but  more  especially  for  the  (;aic»n#({  rain- 
em].  The  deiivutiou  ordinarilj  suggested,  from  yf/,  earth,  and  ei/fety,  to  cook,  corresponds 
with  this,  the  most  common  use  of  the  word  among  the  Greeks. 

Burnt  gypsum  is  called  PUuUr-of  Paris,  because  the  Montmartregjpsum  quarries,  near 
Paris,  are.  and  have  long  been,  famous  for  affording  it. 

Ilesite.    (Mn,Zn,Fe)S04  -f-  4HsO.     In  loosely  adherent  aggregates.    Color  clear 
From  Colorado. 


Epsomite  Group.     RSO,  +  7H,0.     Orthorhombic. 

Epsomite  MgSO,  +  7H,0  dihid^  09902  :  1  :  0570^ 

(Fe,Mg)SO,  +  7H.0 
Godarite  ZnSO,  +  7H,0  0*9807  :  1  :  0-5631 

Ferro-goslarite        (Zn,Fe)SO,  +  7H,0 
Morenoaite  NiSO,  +  7H,0  0-9816 :  1 :  05655 

SFSOBSTTB.    Epsom  Salt. 

Orthorhombic.  Usually  in  botryoidal  masses  and  delicately  fibrous  crasts. 
Cleavage:  h  very  perfect.  Fracture  conchoidal.  H.  =  2-0-2'5.  6.  =  1*75U 
Luster  vitreous  to  earthy.  Streak  and  color  white.  Transparent  to  trans- 
lucent.    Taste  bitter  and  saline. 

Comp. — Hydrous  magnesium  sulphate,  MgSO^  +  7H,0  =  Sulphur  trioxide 
32*5,  magnesia  16  3,  water  51  2  =  100. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  ft  e.^ists  at  Epsom, 
England,  and  at  Sedlitzand  Suidschitz  (or  SnidschQtz)  in  Bohemia.  At  Idria  in  Ctiruiola 
it  occurs  in  silky  fibers,  and  is  hence  called  hairttalt  l)y  the  workmen.  Also  obtained  nt  the 
irypsum  quarries  of  Montmartre,  near  Paris.  Also  found  at  Vesuvius,  at  the  eruptions  of 
1850  and  1B55. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the 
Mammoth  Cave,  Ky..  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Ooslarite.  ZnSOi  +  THsO.  Commonly  massive.  Color  white,  reddish,  yellowish. 
Formed  by  the  decomposition  of  sphalerite,  and  found  in  the  passages  of  mines,  as  at  the 
HjinimelBberg  mine  near  Goslar,  in  the  Harz.  etc.  In  Montana  nt  the  Gagnon  mine, 
Bnt»e.  Ferro-goilarite  (4*9  p.  c.  Pe804)  occurs  with  sphalerite  at  Webb  City,  Jasper  Co.,. 
Missouri. 

Morenosite.  NiS04  +  7H«0.  In  acicular  crystals;  also  fibrous,  ns  an  efflorescence. 
Color  apple-green  to  greenish  white.  A  result  of  the  alteration  of  nickel  ores,  as  near 
Cape  Hortegal,  in  Galida;  Riechelsdorf,  in  Hesse,  etc. 


Melanterlte  Group.     RSO^  +  7H,0.     Monoclinic. 

Melanterite  FeSO,  +  7n,0      a:h:i  =  11828  :  1  :  15427    /5  =  75°  44' 

Lnckite  (Fe,Mn)SO,  +  7H,0 

Mallardite  MnSO,  +  7H,0 

PiMtnite  (Fe,Cii)SO,  +  7H,0  1-1609  :  1  :  1  5110  74°  38' 

Keberite  CoSO,  +  7H,0  11815  : 1 : 1-5325  ^5°  20" 

Cupromagnesite  (Cn,Mg)SO,  +  7H,0 
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Ohalcanthite         .    CuS0,  +  5H,0  Triclinic 

a  :  J  :  (5  =  0-5656  :  1  :  05507;  a  =  82''  21',  fi  =  73"  11',  y  =  77°  37' 

The  species  here  included  are  the  ordinary  vitriols.  They  are  identical  in 
general  formula  with  the  species  of  the  Epsomite  group,  and  are  regarded  as 
the  same  compound  essentially  under  oblique  crystallization.  The  copper 
^ulpliate  diverges  from  the  others  in  crystallization,  and  contains  but  5 
of  water. 

MELANTJBRITE.     Coppeias. 

Monoclinic.  Usually  capillary,  fibrous,  stalactitic,  and  concretionary; 
also  massive,  pulverulent.  Cleavage:  c  perfect;  m  less  so.  Fracture  con- 
choidal.  Brittle.  H.  =2.  G.  =  1'89-1*90.  Luster  vitreous.  Color,  various 
shades  of  green,  passing  into  white;  becoming  yellowish  on  exposure. 
Streak  uncolored.  Subtransparent  to  translucent.  Taste  sweetish,  astringent, 
and  metallic. 

Comp. — Hydrous  ferrous  sulphate,  FeSO^  +  7H,0  =  Sulphur  trioxide28*8, 

iron  protoxide  25*9,  water  45'3  =  100.     Manganese  and  magnesium  sometimes 

replace  part  of  the  iron. 

Obs. — Proceeds  from  tlie  decomposition  of  pyrite  or  marcusite;  thus  near  Groslar  in  the 
Hnrz;  Bodenmuis  in  Bavariii;  Falun,  Sweden,  and  elsewliere.  Usually  acconi|>aui<  s  m'rite 
In  the  U.  States,  tis  an  efliorescence.  Luckite  (r9  p.  c.  MnO)  is  from  tbe  **  Lucky  Boy* 
mine,  Butterfield  Cailon,  Utah. 

Mallardite.  MnSO*  +  7HtO.  Fibrous,  massive;  colorless.  From  tbe  mine  •'Lucky 
Boy,"  south  of  Salt  Lake,  Utah. 

Pisanita.  (Fe.CujSO*  -f  7HaO.  CuO  10  to  15  p.  c.  In  concretionary  and  stalactitio 
forms.     Color  blue.     From  Turkey. 

Salyadokite.  a  copper-iron  vitnol  near  pisanite.  From  the  Salvador  mine 
<)uetenn.  Chili. 

Bieberite.  C0SO4  +  7H3O.  Usually  in  stalactites  and  crusts.  Color  flesh-  and  rose- 
red.     From  Bieber,  in  Hesse,  etc.     Cupromagnesite  is  from  Vesuvius. 


OHALOANTHITII.     Blue  Vitriol.     Kupfervitriol  Germ. 

Triclinic.  Crystals  commonly  flattened  1  /^  (111)  (Figs.  339-341,  p.  109). 
Occurs  also  massive,  stalactitic,  reniform,  sometimes  with  fibrous  structure. 

Cleavage:  M,  m,  p  imperfect.  Fracture  conchoidal.  Brittle.  H.  =  2*5. 
G.  =  2*12-2  30.  Luster  vitreous.  Color  Berlin-blue  to  sky-blue,  of  different 
shades;  sometimes  a  little  greenish.  Streak  uncolored.  Subtransparent  to 
translucent.     Taste  metallic  and  nauseous. 

Comp. —Hydrous  cupric  sulphate,  CuSO,  -f  5H,0  =  Sulphur  trioxide  32*1, 
cupric  oxide  31*8,  water  36  l  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  water,  and  at  a  higher  tempemtnri*  su^hnr  tri- 
oxide. B.B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for 
copper  Soluble  in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  with 
metallic  c<)pper. 

Obs.— Pound  in  waters  issuing  from  mines  and  in  connection  with  rocks  containini; 
chalcopyrite,  by  the  alteration  of  which  it  is  formed;  thus  at  the  HammelsberjET  mine  nev 
Goslar  in  the  Harz:  Falim  in  Sweden;  Parys  mine,  Anglesea;  at  various  mines  In  Co.  of 
Wirklow;  Rio  Tintomine.  Spain.  Prom  the  Hiwassee  copper  mine,  also  in  larire  quan- 
tities at  other  mines,  in  Polk  Co.,  Tennessee.  In  Arizona,  near  Clifton.  Qraham  Co.,  and 
Jerome,  Yavapai  Co. 

Syngenite.  Kaluszite.  CaSOi.KsSO*  +  H^O.  In  prismatic  (monoclinic)  crystala. 
Colorless  or  milky-white.     From  Kalusz,  Galicia. 
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Ldweite.  MgSO«.NatSO«  +  2iH.O.  Massive,  cleaTtble.  Color. pale  yellow.  From 
Iscbl,  Austria. 

BlAdita.  MgS04.NatS04  +  4HsO.  Crystals  short  prisoiatic,  monoclinic;  also  massive 
granular  or  compact.  Colorless  to  greenish,  yellowish,  red.  From  the  salt  mines  of  Ischl; 
at  Hallstadt  {simonyite);  at  Stassfurt;  the  salt  lakes  of  Astrakhan  {oitrakanite),  Asia;  India; 
Chili,  etc. 

lieonite.  MgS04.EtS04  +  4HsO.  In  monoclinic  crystals  from  Westeregeln  and  Leo- 
poldshall,  Germany. 

Boussingaultita.    (NH4)tS04.MgS04  -h  6HtO.    From  the  boric  acid  lagoons,  Tuscany. 

Picromerite.  MgS04.K«804  +  ^HtO.  As  a  white  crjrstalline  incrusiation.  From 
Vesuvius  with  eyanoehroiie,  an  isomorphous  species  in  which  copper  replaces  the  mag- 
nesium.    Also  at  Stassfurt  {$choenite)\  at  Aschersleben ;  Galusz  in  East  Gaiicia. 

PolyhaUte.  i2CaS04.MgS04.K,S04  +  2H«0.  Usually  in  compact  fibrous  or  lamellar 
masses.  Color^esh-  or  brick-red.  Occurs  at  the  mines  of  Ischl,  Hallstadt,  etc.,  in  Aus- 
tria; Berchtesd£den,  Bavaria;  Stassfurt. 


(  Alum  Group.    Isometric. 

RA1(S0J,  +  12H,0  or  R.S0,.A1,(S0 J,  +  24H,0. 

Xalinite  Potash  Alum  KA1(S0,),  +  12H,0 

Tachermigite  Ammonia  Alum  (Nil,)  A1(S0,),  +  12H,0 

Mendozite  Soda  Alum  NaAl (SO,),  +  12H,0 

The  Alums  proper  are  isometric  in  crystallization  and,  chemically,  are 
hydrous  sulphates  of  aluminium  with  an  alkali  metal  and  12  (i,e.y  if  the  for- 
mula is  doubled,  24)  molecules  of  water.  The  species  here  included  occur 
Tery  sparingly  in  nature,  and  are  best  known  in  artificial  form  in  the 
laboratory. 

The  IIalotrichites  are  oblique  in  crystallization,  very  commonly  fibrous 
in  structure,  and  are  hydrous  sulphates  of  aluminium  with  magnesium,  mang- 
anese, etc. ;  the  amount  of  water  in  some  cases  is  given  as  22  molecules,  and  m 
others  24,  but  it  is  not  always  easy  to  decide  between  the  two.     Here  belong: 

Pickeringita.     Magnesia  Alum.     MgS04.Als(S04)s  +  22H«0.     Id  long  fibrous  masses; 
and  in  efflorescences. 

Halotrichita.    Iron   Alum.     FeS04.AU^S04)s  +  24H,0.    In  yellowish  silky  fibrous 
forms. 

Apiohnite.       Manganese    Alum.       MdS04.A1«(S04)s  +  241190.       Busbmanlte   con- 
tains M^.     In  fibrous  or  asbf'Rtiform  masses;  also  as  crusts  and  efflorescences. 

Dietrichite.     (Zn.Pe,Mn)S04.AU{804)«  -f  22H,0. 

Masritb.     a  fibrous  alum  from  Egypt  supposed  to  contain  a  new  element,  masrium. 


Ooqnimbite.  Pe,f804)i  4- 9H,0.  Rhombohedral.  GmnulflT  massive.  Color  white, 
yellowish,  brownish.   Prom  the  Tierra  Amnrilla  near  Copiapo.  Chili  (i\oX  from  Coquimbo.) 

Qnenstedtite.  Pe,(80«)»  +  10n,O.  In  reddish  Ubular  crystals.  With  coquimb- 
ite  Chili. 

naSite.  Pe,^804)i  -f  12H»0?  An  orange  yellow  efflorescence  on  graphite.  From 
Mu^ran.  Bohemia. 

Alonoven.  Al,'804>i  -I-  lftH,0.  TTsnall'-  in  delicste  flbrons  masses  or  rnist«;  massiTe. 
Color  white,  or  tinged  with  yellow  <y  red.  Prom  near  Bilin.  Bohemia;  Bodenmals;  Puster- 
thai,  Tyrol. 
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Xrdhnkita.  CuS04.Na,S04  +  2H«0.  Massive,  coarsely  fibrous.  Color  asure-blin. 
From  Caluma,  Atucaina. 

Phillifitb.  Perhaps  CuS04.Fe«(S04)s-l-nHtO.  lu  blue  fibrous  masses.  Chili.  Fo«iiid 
at  the  copper  miues  lu  the  Cordillei-as  of  Coodes,  province  of  Santiago.  Chili. 

Ferronatrite.  8NaiS04.Fet(S04)s  +  6HsO.  Rarely  in  acicular  crystals;  usually  bi 
spherical  forms.  Color  greeuisu  or  gray  to  white.  From  Sierra  Gorda  near  CaraooleiL 
Chili. 

Rdmerita.  Perhaps  FeS04.Fe,(S04)s  +  12HsO.  In  tabular  crystals;  granular,  massife. 
Color  chesuut-brown.    From  Gosiur  in  the  Harz;  Persia,  Chili. 


Basic  Hydrous  Sulphates. 

Langita.  Near  brochautite.  Cu304.8Cu(OH)a  +  H3O.  Usunlly  in  fibro-lamellir, 
concretionary  cnisis.     Color  blue  tu  greenish  blue.     From  Coruwnll. 

Herrengrundite.  2(CuOH)9S04.Cu(OHi,  +  ^H^O  with  one-fifth  of  the  cop|)er  replaced 
by  calcium.  In  thiu  tubular  crystals;  usually  in  spherical  groups.  Color  emerald-green, 
bluish  green.     From  Herrengruud,  lluugary. 

Kamarezite.     A  hydrous  basic  copper  sulphate  from  Laurion,  Greece. 

Oyanotrichite.  Lettsomite.  Perhaps  4CuO.AlsOa.SOs.8H,0.  In  velvet-like  druses;  in 
spherioil  forms.  Color  bright  blue.  From  Moldawa  in  the  Banut;  Cap  Garonne,  France. 
In  Utah  and  Aiizona. 

Serpierite.  A  basic  sulphate  of  copper  and  ziuc.  In  minute  crystals,  tabular.  In  taitL 
Color  bluish  green.     From  Laurion,  Greece. 


ooFiAPrrs. 

Monoclinic.  Usually  in  loose  aggregations  of  crystalline  scales,  or  granular 
massive;  incrusting. 

Cleavage:  6(010).  H.  =  2*5.  6.  =  2-103.  Luster  pearly.  Color  sulphur- 
yellow,  citron-yellow.     Translucent. 

Comp.— A  basic  ferric  sulphate,  perhaps  2Fe,0,.5SO,.18H,0  =  Sulphur 
trioxide  38*3,  iron  sesquioxide  306,  water  31'1  =  100. 

J/wy  is  an  old  term,  which  has  bren  someMhut  vaguely  applied.  It  seems  to  belong  in 
part  here  and  in  part  also  to  other  related  species. 

Pyr.,  etc.— Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal 
becomes  magnetic,  and  with  soda  affords  the  reacllou  for  sulphuric  acid.  With  the  fluxes 
reacts  for  iron.     Soluble  in  wster.  nnd  decomposed  by  boiling  water. 

Obs.— The  original  copia?^ite  was  from  Copiapo.  Chili. 

Other  hydrated  ferric  sulphates: 

Oastanite.     Fe,0,  2R08.8H,0.     Color  chestnut  brown.     Fi-om  Sierra  Gorda,  Chill 

UUhite.  8Fe,0.  2SO,.7H,0.  In  aggregates  of  fine  scales.  Color  oninge-yellow 
Prom  the  Tintic  distr.,  Utah. 

Amarantite.  FesOj,.2SO,.7H,0  Usunlly  in  columnar  or  bladed  ma«>se«.  also  radiated. 
Color  amaranth-red.  From  near  Caracolea.  Chili.  Hohmannite  is  the  same  partially 
altered;  this  is  proh-ihly  also  trup  of  papontf. 

Pibroferrite.  Fe,0,.2aOs  10H,O  In  delicMtely  fibrous  nggregstes.  Color  pale  yellow, 
nearly  white.     From  the  Tierm  Amarilla  near  Copiapo.  Chili. 

Raimondite.  2Pe,0,..S80,  7H,0.  In  thin  six-sided  tables.  Color  between  honey-  and 
ocher-yellow.     From  the  lin  mines  of  Ehrenfriedersdorf ;  mines  of  Bolivia 

Oarphosiderite.  8Fe,O,.48O3.10HaO.  In  reniform  masses,  and  incrustations:  also  hi 
micaceous  lamellae.     Color  straw-yellow.     From  Greenlnnd. 

Glockerita.  2Fe,03.80,.6HtO.  Massive,  spnrrv  or  e»irthy:  stalactitic.  Color  brown 
to  ocher-yellow  to  t>itch  black;  dull  preen.     From  Goslar  and  Modum 

Knozvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  imn.  and  aluminium.  Ii 
rhombic  plates.  Color  greenish  yellow.  From  the  I^jdiuglon  mercury  mine,  Knozrillc^ 
California. 
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Hbdihotonitb.  a  hydrous  chromium  sulphate,  io  finely  fibrous  mtises  of  a  pale 
purple  color.    Same  locality  as  knoxvillite. 

Oyprosite.  Perhaps  7Fe,Os.AlsOs.lOSOa.UHtO.  An  aggregation  of  microscopic 
crystals.     Color  yellowish.    From  the  island  of  Cyprus. 

Aluminite  (Webeterite).  AlsOa.SO«.9HsO.  Usually  in  white  earthy  reniform  masMS, 
compact.     From  near  Halle,  in  clay;  also  at  Newhaven,  Sussex,  and  elsewhere. 

Paraluminite.     Near  aluminite,  but  supposed  to  be  2AlsOa.SOa.l5H90. 

Felsoban3rite.  2AlaOs.SOa.lOHaO.  Massive;  in  scaly  concretions.  Color  snow-white. 
From  near  FelsObauyii,  Hungary. 

Botryogen.    Perhrti)s  iMgO.FeO.FeaOa  480a.l8H?0.   Usually  in  reniform  and  botryoidal 
shapes.     Color  deep  hyacinth -red,  ocher-yel  low.     From  Fblun,  Sweden:  also  from  Persia. 

Sideronatrite.  2NaaO.FeaOs  4SO».7HaO.  Fibrous,  massive.  Color  yellow.  From  the 
province  of  Tarapucd,  Chili.  Also  on  the  Urus  plateau,  near  Sarakaya,  on  the  island, 
Ghelcken,  in  the  Ciispiun  Sea  lui^site). 

Voltaite.  Perhaps  5(Ka,Fe)O.2(Al.Fe)aOa.l0SOa.l5HaO.  In  octahedrons,  etc.  Color 
dull  oil-green  to  brown  or  black.     From  the  solfatara  near  Naples;  also  Persia. 

MeUToltine.  Perhaps  5(K,.Naa,Fe)0.8FeaOa.l2SOa.l8H.O.  In  aggregates  of  minute 
yellow  scales.    Occurs  with  voltaite  in  Persia. 

AJjUNITJU.     Alumstone.     Alaunstein. 

Bliombohedral.  Axis  6  =  1*2520.  In  rhombohedrons,  resembling  cubes 
(rr'  =  90°  50').  Also  massive,  having  a  fibrous,  granular,  or  impalpable 
texture. 

Cleavage:  c  distinct;  r  in  traces.  Fracture  flat  conchoidal,  uneven;  of 
massive  varieties  splintery;  and  sometimes  earthy.  Brittle.  H.  =  3*5-4.  G. 
=  2  58-2*752.  Luster  of  7*  vitreous,  basal  j)lane  somewhat  pearly.  Color  white, 
sometimes  grayish  or  reddish.  Streak  white.  Transparent  to  sobtranshicent. 
Optically  positive. 

Comp.— Hydrous  sulphate  of  aluminium  and  potassium,  K,0.3A1,0,.4S0,. 
6H,0  =  Sulphur  trioxide  38*6.  alumina  37*0,  potash  11*4,  water  13  0  =  100. 
The  formula  may  be  written  K(A10),(S0J,  +  3H,. 

Pyr..  etc. — B.6.  decrepitates,  and  is  infusible.  In  the  closed  tube  yields  water,  some- 
times also  ammonium  sulphate,  and  at  a  higher  temperature  sulphurous  and  sulphuric 
oxideft.  Heated  with  cobalt  solution  affords  a  fine  blue  color.  With  soda  and  charcoal 
infusible,  but  yields  a  hepatic  mass.     Soluble  in  sulphuric  acid. 

Obs.— Forms  seams  in  trnchytic  and  allied  rocks,  where  it  has  been  formed  as  a  result 
of  the  alteration  of  the  rock  by  means  of  sulphurous  vapors;  as  at  Tolfa,  near  Civita 
Vecchia;  in  Hungary;  on  Milo,  Grecian  Archipelago;  at  Mt.  Dore,  France.  In  the  U.  8., 
associated  with  diaspore,  in  rhombohcdral  crystals,  tabular  through  the  presence  of  c(OOOi) 
at  the  Rosita  Hills,  Custer  Co.,  Colorado. 

JAROSrm.     Gelbeisencrz.  * 

Bhombohedral.  Axis  i  =  1*2492;  rr'  =  90^  45',  cr  =  55°  16'.  Often  in 
druses  of  minute  crystals;  also  fibrous,  granular  massive;  in  nodules,  or  as  an 
incrustation. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  2*5-3  5.  G.  =  315- 
3'26  cryst.  •  Luster  vitreous  to  subadamantine ;  brilliant,  also  dull.  Color 
ocher-yellow,  vellowish  brown,  clove-brown.     Streak  vellow,  shining. 

Comp.— K,*0.3Fe,0,  4S0,.fiH,0  =  Sulphur  trioxide  31-9,  iron  sesquioxide 
47-9,  potash  94,  water  108  =  100.  The  formula  may  be  written  K(FeO).(SO,). 
+  3H,0. 

Obs. — The  original  Gelbeisenerz  was  from  Lusohitz,  between  Kolosomk  and  Bilfn, 
Bohemia,  in  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.  The  jaroiite  was 
from  Barranco  Jaroso,  in  the  Sierra  Almsprera.  Sixiin:  also  from  other  points.  Io  the  U.  S., 
on  quartz  in  the  Vulture  mine,  Arizona;  in  Chaffee  County,  Col.;  Tintic  diitrict,  Utah. 
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Xidwigite.    Perhaps  EsO.3AUOs.4SOs.9HsO.    In  rounded  masses,  similar  to  compad 
alunite.     Found  in  a  coal  bed  at  Tabrze  in  Upper  Silesia;  also  with  alunite  at  Tolfa. 

Bttriagite.     Perhaps  6CaO.AlsOs.3SOs.38HsO.     In  minute  colorless  acicular  crjstak 
From  limestone- inclusions  in  lava,  near  Mayen,  Rhenish  Prussia. 

Quetenita.    MgO.FesOs.SSOs.lSHsO.     Massive,  in  indistinct  crystals.     Color  reddiih 
browu.     From  Quetena,  Chili. 

Zincaluminite.    2ZiiS04.4Zu(OH)s.6Al(OH)s  +  5HtO.    In    minute  hezagooal    platea 
Color  white,  bluish.    From  Laurion,  Greece. 

Johannite.    A  hydrous  sulphate  of  uranium  and  copper.    In  druses  or  reniform  minifi 
of  a  gieeu  color.     From  Joachimsthal. 

Uranopilita.     Perhaps  CaXJ«SsOsi.25HtO.     In  veWety  incrustations;   yellow.     From 
Johanugeorgeustadt. 

ZippeiU,  toglianite,  uraconite  are  uncertain  uranium  sulphates,  also  from  Joachimsthal 


Tellurates;  also  Tellurites,  Selenites. 

MontaniU.     6isOs.TeOs.2HsO.     In  earthy  incrustations;  yellowish  to  white.    FroB 
Highland,  Montana,  with  tetradymite. 

JBmmonsite.    Probably  a  hydrated  ferric  tellurite.    In  thin  yellow-green  scales.    From 
near  Tombstone,  Arizona. 

Dnrdenite.     Hydrous  ferric  tellurite,   Fes(TeOs)t  +  4HsO.      In   small  mammillaiy 
forms;  greenish  yellow.     Honduras. 


Ohalcomenite.    Hydrous  cupric  selenite.  CuSeOs  +  2HsO.    In  small  blue  monocUnio 
crystals.     From  the  Cerro  de  Cacheuta,  Argentina,  with  silver,  copper  sel'^nides. 

MoLTBDOMKNiTB  is  lead  selenite  and  Cobaltomenitb  probably  cobalt  seleoite,  frm 
the  same  locality  as  chalcomenite. 
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Oxygen  Salts. 

7.    TUNGSTATES,  MOI1TBDATE& 

The  monoclinio  Wolframite  Groap  and  the  tetragonal  Scheelite  Group  are 
included  here. 


Wolframite 
Hiibnerite 


Wolframite  Group, 

(Fe,Mn)WO^         a  :  i  :  <J  =  0-8300  :  1  :  0-8678 
MnWO,  0  8362  : 1  :  0*8668 


>8  =  89°  22' 

89**  7i' 


WOLFRAMim.    Wolfram. 
Monoclinic.    Axes:  d:i:6  =  08300  :  1  :  0-8678;  /3  =  89°  22'. 


mm'",  110  A  110  =  79**  23'.        ay\  100  a  102  =  62"  54'. 
at,        100  A  102  =  ttl"  54'.        ff\  Oil  A  Oil  =  81"  54'. 


980. 


.<2A 


m- 


!, 


tn 


Twins:  (1)  tw.  axis  d  with  a  as  comp.-face;  (2)  tw, 

fl.  k  (023),  Fig.  419,  p.  130.  Crystals  commonly  tabular 
a;  also  prismatic.  Faces  in  prismatic  zone  vertically 
striated.  Often  bladed,  lamellar,  coarse  divergent 
columnar,  granular. 

Cleavage  :  b  very  perfect;  also  parting  Q  a,  and 
/  (102).  Fracture  uneven.  Brittle.  H.  =  5-5*5. 
=  7*2-7 '5.  Luster  submetallic.  Color  dark  grayish 
or  brownish  black.  Streak  nearly  black.  Opaque. 
Sometimes  weakly  magnetic. 

Comp.,  Tar.— Tungstate  of  iron  and  manganese  (Fe,Mn)WO^.Fe  :  Mn  = 
chiefly  4  :  I  (FeO  18-9,  MnO  4*7  p.  c.)  and  2  :  3  (FeO  95,  MnO  14-0). 

Pyr.,  etc.— Fii«i's  B  B  easily  (P.  =  2  5-8)  to  ii  globule,  whicb  has  a  crystalliDe  surface 
and  is  iimgiietic.  With  salt  of'pliosphorns  gives  a  clej\r  reddish  yellow  glass  while  hot, 
which  is  paler  on  cooli'icr;  in  H.F  becomes  dark  red:  on  charcoal  with  tin,  if  not  too 
saturated,  the  bead  assumes  on  coolinir  a  green  color,  which  continued  treatment  in  R  F. 
changes  to  reddish  yellow.  With  soda  and  niter  on  platinum  foil  fuses  to  a  bluish  green 
manganate  Decompose*!  by  aqua  regia  with  separation  of  tungstic  acid  as  a  yellow 
powder.  Sufficiently  decomposed  by  concentnitefl  sulphuric  ncid.  or  even  hydrocldorlc 
aciii,  to  give  a  colorless  solution,  which,  treated  with  metallic  zinc,  becomes  intensely  blue, 
but  soon  bleaches  on  dilution 

Obs.— Wolframite  is  often  ai^sociated  with  tin  ores;  also  in  quartz,  with  native  bismuth, 
pcheelite,  pyrite,  g>dena.  sphalerite,  etc.  In  fine  crystals  at  Scblackenwald,  Zinnwald; 
Schneeberg.  Fn'iberg.  Altenberg;  at  Nerchinsk,  Sil)eria:  Chanteloup,  near  Limoges. 
Fnmre:  near  Redruth  and  elsewhere  in  Cornwall  with  tin  ores.  In  S.  America,  at  Oruro 
in  Bolivia      With  tin  stone  at  various  points  In  New  South  Wales. 

In  the  U.  Slates  at  Lane's  mine.  Monroe.  Conn.;  Flowe  mine,  Mecklenburg  Co.,  N.  C, 
with  scheelite;  in  Missouri,  near  Mine  la  Motte. 

Hiibnerite.  Near  wolframite,  but  containinir  20  to  25  p.  c.  MnO.  Usually  in  bladed 
forms,  rarely  in  distinct  terminated  crystals.     Color  brownish  red  to  hair-brown  to  nearly 
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black.  Streak  yellowish  brown,  greenish  gray.  Often  translucent.  Mammoth  diiL, 
Nevada;  Ouray  County.  Col.;  near  Bilverton,  Sun  Juiin  Co.;  Bhick  Hills,  8.  Dakota,  etc 
Also  in  Peru,  and  in  rhpdochrosite  at  Adervielle  in  the  Pyrenees. 


Soheelite 
Cnprotungitite 

Cn  prose  heelite 
Powellite 
Stolzite 
Wnlfenite 


Sclieelite  Group.  Tetragonal-pyramidal. 

CaWO,  pp'  (111  A  111)  =  79**  55*' 

CuWO, 

(Ca,Cu)WO, 

Ca(Mo,W)0,  80^    1' 

PbWO,  80**  15' 

PbMoO,  80**  22' 


i  =  1-5360 


6  =  1-5445 
6  =  1-5667 
d  =  1-5771 


The  ScHEELiTE  Group  includes  the  tungstates  and  molybdates  of  calcium 
and  lead ;  also  copper.  In  crystallization  they  belong  to  the  Pyramidal  Group 
of  the  Tetragonal  System.     Wulfenite  is  probably  hemimorphic. 


Tetragonal-pyramidal.     Axis  6  =  l-535'6. 


«•,  101  A  Oil  =  72'  401'. 
ee,  001  A  101  =  56'  56', 

981.  982. 


W/.  Ill  A  ill 
ep,    001  A  ill 

983. 


79*  55J'. 
65*  16i'. 


984. 


986. 


Forms:     0  {U)%     <J  (101),     /^  (113),    p  (111).     *  (515).     A  (313).     *,  (131). 

Twins:  (1)  tw.  pi.  a,  both  contact-  and  penetration-twins  (Fig.  378, 
p.  125).  Habit  octahedral,  also  tabuhir.  Symmetry  shown  by  faces  tyh^s 
(Fi»^.  983),     Also  reniform  with  columnar  structure;^  massive  .fi:rannlar. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.  Fracture  uneven. 
Brittle.  II.  =  4'5-5.  G.  =  5'9-6*l.  Luster  vitreous,  inclining  to  adamantine. 
Color  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish.  Streak 
white.  Transparent  to  translucent.  Optically  +.  Indices:  co^.  =  1'918. 
c,  =  1  934. 

Comp.— Calcium  tungstate,  CaWO^  =  Tungsten  trioxide  80-6,  lime  19*4 
=  100. 

Molybdenum  is  usually  present  (to  8  p.  c  ).  Copper  may  replace  calcium,  see  cupro- 
sclieelite. 

Pyr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent  glass.  Soluble  with 
borux  to  a  transparent  p^lass,  Avhich  afterward  becomes  opaque  and  crystalline.  With  nit 
of  phosphorus  forms  a  ^lass.  colorless  in  out<  r  flame,  in  inner  green  when  hot,  and  fine 
blue  when  cold  ;  varieties  containing  iron  require  to  be  treated  on  charcoal  with  tin  before 
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the  blue  color  appears.  In  hydrochloric  or  nitric  acid  decomposed,  leaving  a  yellow 
powder  soluble  Id  ammonia. 

Obi. — Scheelite  is  usually  associated  with  crystalline  rocks,  and  is  commonly  found  in 
connection  with  cassiterite,  topaz,  fluorite,  apatite,  molybdenite,  or  wolframite,  in  quartz; 
also  associated  with  gold.  Tbus  at  Schlackeuwald  and  Ziunwald,  Bohemia;  Altenberf, 
Saxony;  Riesenrrund  in  the  Riesengebirge;  the  Euappenwand  in  the  Untei-sulzbachthal, 
Tyrol;  Currock  Fells  in  Cumberland;  Traversella  in  Piedmont;  Meymac,  Corr^ze.  France 
(containing  THsOt);  Sweden;  Pitkftrauta  in  Finland.  In  Hew  South  Wales,  at  Adelong, 
from  a  gold  mine;  New  Zealand,  massive;  Ht.  Ramsay,  Tasmania,  with  cassiterite. 

lu  the  U.  States,  at  Lane's  Mine.  Monroe,  and  at  Trumbull;  Flowe  mine.  Mecklenburg 
Co.,  N.  Carolina;  the  Mammoth  mining  district,  Nevada;  with  gold  at  the  Charity  mine, 
Wurreii's.  Iduho;  Lake  Co.,  Colorado.  In  quartz  veins  in  Kisborough  and  Marlow, 
Bejiuce  cuuuty,  Quebec. 

Ouprotungstite.  Cupric  tungstate,  CUWO4.  From  the  copper  mines  of  Llamuco.  near 
Santiagu.  Cbili.  CuPBOfiCHBELiTB,  from  the  vicinity  of  La  Paz,  Lower  California,  is 
(Ca,Cu)WO«.  with  6*8  p.  c.  CuO;  color  green. 

Powellite.  Calcium  molybdate  with  calcium  tungstate  (10  p.  c.  WOs),  Ca(Mo,W)04. 
In  minute  yellow  tetragonal  pyramids.  6.  =  4*849.  From  western  Idaho;  Houghton 
Co..  Mich. 

Stolzite.  Lead  tungstate,  PbWOi.  In  pyramidal  tetragonal  crystals.  H.  =  2*75-8. 
G.  =  7*87-8*13.     Color  green  to  gray  or  brown.    Zinnwald. 

Raspite.  Has  the  same  composition  as  stolzite,  but  is  referred  to  the  monoclinic 
system.  In  small  tabular  crystals.  Color  brownish  yellow.  From  the  Broken  Hill  mines, 
New  South  Wales. 

WULFBNTTB.    Oelbbleierz,  Molybdftnbleispath.  Germ. 
Tetragonal-pyramidal;  hemimorphic.    Axis  i  =  1*5771. 


986. 


988. 


989. 


987. 


eu. 

001  A  102  =  38'  15'. 

uu',   102  A  012  =  5r  56', 

«. 

001  A  101  =  5r  sr. 

«•,  101  A  Oil  =73*^20'. 

en. 

001  A  111  =  65'  51'. 

nn\   111  A  ill  =80"  22'. 

Crystals  commonly  square  tabular,  sometimes  extremely  thin;  less  fre- 
quently octahedral;  also  prismatic.  Hemimorphism  sometimes  distinct. 
Also  ^ninularly  massive,  coarse  or  fine,  firmly  cohesive. 

Cleavacre:  n  (111)  very  smooth;  c,  s  (113)  less  distinct.  Fracture  subcon- 
choidal.  Brittle.  H.  =  2'75-3.  G.  =  6*7-7'0.  Luster  resinous  or  adaman- 
tine. Color  wax-  to  oranpje-yellow,  siskin-  and  olive-green,  yellowish  gray, 
grayish  white  to  nearly  colorless,  brown;  also  orange  to  bright  red.  Streak 
white.  Subtransparent  to  subtranslucent.  Optically  negative.  Indices: 
cOr  =  2-402,  e,  =  2-304. 

Comp. — Lead  molybdate,  PbMoO^  =  Molybdenum  trioxide  39*3,  lead  oxide 
60*7  =  100.     Calcium  sometimes  replaces  the  lead. 
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Pjrr. ,  etc. — B.B.  decrepitates  and  fuses  below  2.  With  s^lt  of  phosphorus  in  O.F.  gtwrn 
a  yellowish -green  glass,  which  in  R.F.  becomes  dark  green.  With  boda  on  charcoal  jleldi 
metallic  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the  formatjoo  of 
lead  chloride  and  molybdic  oxide;  on  moisteoiue  the  residue  with  water  and  adding 
metallic  zinc,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilution  of  the  liquid. 

Oba. — Occurs  in  veins  with  other  ores  of  lead.  At  Bleiberg,  Carinthim;  Rezb&oja, 
Hungary:  PHbram;  Moldawa  in  the  Banat;  Annaberg,  Schneeberg.  etc. 

In  the  U.  States,  sparingly  at  the  Southampton  lead  ndne,  Mass.,  and  near  Sing  8iof» 
N.  T.;  near  Phenixville,  Pa. ;  at  the  Coiustock  lode  in  Nevada;  In  large  thin  orange-yelkinr 
tables  at  the  Tecomah  mine,  Uiah.  In  New  Mexico,  pale  yellow  crystals  in  the  OipB 
Mts.  In  Arizona,  large  deep  red  crystals  at  the  Hamburg  and  other  mines,  Tuma  Co.. 
often  with  red  vanadinite;  also  at  the  Castle  Dome  district,  80  miles  distant;  at  the  ifsm- 
moth  gold  mine  near  Oracle.  Pinal  Co.,  with  VHnadiuite  and  descloizite. 

Named  after  the  Austrian  mineralogist  WQlfen  (1728-1805). 


Rainits.    Ferrous  tungstate,  FeWOi.    In  blackish-brown  tetragonal  pyramida^  periupi 
paeudomorphous.    H.  =  4.    0.  =  6*64.    Kimbosan,  Japan. 

Belonasita.    Perhaps  MgMoOi.     In  minute  acicular  crystals  at  Vesuvius. 


yn.    SALTS  OF  ORGANIO  AOIDS. 
Oxalates,  Mellates. 

Whewallita.  Calcium  oxalate,  CaCsO«  -|-  H3O.  In  small  colorless  monoclinic  crys- 
tals.    From  Saxony,  with  coal. 

Oxammite.  Ammonium  oxalate,  (NH4)aC90«  +  2H9O.  From  the  guano  of  the 
Guafiapc  Islands,  Peru. 

Hnmboldtine.  Hydrous  ferrous  oxalate,  2Fc*Ca04  +  SHjO.  Color  yellow.  From 
near  Bilin,  Bohemia. 

Mellite.  Hydrous  aluminium  mellate,  AUCiaOn  -f  ISHaO.  In  square  pyramids;  also 
massive,  granular.  G.  =  1  55-1  "65.  Color  honey -yellow.  Occurs  in  brown'  coal  in  Thu- 
ringitt,  Bohemia,  etc. 
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Ym.    HTDROOARBON  OOBEFOUNDS. 

The  Hydrocarbon  compounds  in  general,  with  few  exceptions,  are  noi  ?unnogeneou^ 
Muhitancei,  out  luixiures,  wliicli  by  the  action  of  solvents  or  by  fractional  distillation  may 
be  depurated  into  two  or  m^re  com|>on('nt  parts.  They  are  bcuce  not  definite  mineral  spe- 
cies and  do  not  strictly  belong  to  pure  Mineralogy,  rather,  with  the  recent  gums  and  resins, 
to  Chemistry  or,  so  far  as  they  are  of  pnictical  value,  to  Economic  Qeology.  lu  the  follow- 
mg  pages  they  are  treated  lor  the  must  part  with  great  brevity. 


1.  Simple  Hydrocarbons.  Chiefly  members  of  the  Paraffin  Series  G^H,.  +  «• 

ScHEEKEKiTE.  Ill  whitisb  moiioclhiic  crystals.  Perhaps  a  polymer  of  marsh-gas- 
(CH4).     Found  ill  brown  coal  at  Uznach.  Switzerland. 

Hatchetfite.  Mountain  Tullow.  In  thin  plates,  or  massive.  Like  soft  wax.  Color 
yellowish.  Kiitio  of  (;  to  H  =  nearly  1  :  1.  From  the  Coal-measures  near  Merthyr-TydviL 
iu  Glamorganshire,  £1  gland. 

Paraffin.  A  uaiive  crystallized  paraffin  has  been  described- as  occurring  in  cavities 
iu  ba&iltic  lava  near  Palerno,  Sicily. 

Ozocerite  Mineral  wax  pt.  Like  wax  or  s|>ermaceti  in  appearance  and  consistency. 
Colorless  to  while  when  pure;  often  leek-green,  yellowish,  brownish  yellow,  brown. 
Essetiiiully  a  paniffln,  and  consisting  chicfiy  of  one  of  the  higher  members  of  the  series. 
Occurs  iu  l)ed»  ot  coal,  or  associntcd  bituminous  deposits,  as  at  Slunik,  Moldavia;  Boryslaw 
iu  the  Carpathians.     Al  o  <K;c>nrs  in  southern  Utah  on  a  large  scale. 

ZintrUikile,  Chi'iBmatite,  Urpethite  are  near  ozocerite. 

FicHTRLiTR.  In  white  inou  >clinic  tabular  crystals.  Perhaps  CsHa.  Occurs  in  thia 
layers  of  pine  wood  from  peai-beds  near  Hedwitz,  in  the  Fichtelgebirge,  Bavaria. 
HartiU  has  a  similar  occurrence. 

Napalite.  a  yellow  bituminous  substance  of  the  consistency  of  shoemaker's  wax.. 
C1H4.     From  the  Phoenix  mercury  mine  in  Pope  Valley,  Napa  county,  California. 


2.  Oxygenated  Hydrocarbons. 

Amber.  Bernstein,  Germ,  In  irregular  masses,  with  conrholdal  fracture.  H.  =  2-2'5. 
G.  =  1'096.  Luster  resinous.  Color  yellow,  sometimes  reddish^  brownish,  and  whitish, 
often  clouded,  sometimes  fluorescent.  Transparent  to  tmnslucent.  Heated  to  150°  begins- 
to  soften,  and  tinally  melts  at  2.50''-30()"      Ratio  for  C,  H,  O  =  40  :  64  :  4. 

Part  of  the  so  called  amber  is  sepanited  mineralogically  as  succinite  (y\^\^\ug  succinic- 
acid).     Other  relatetl  fossil  resins  from  many  other  regions  (e.  g  ,  the  Atlantic  const  of  the 
United  States)  have  lieen  noted.     Some  of  them  have  been  called  retinite,  gedanite,  gleisiUe, 
rumdnite,  siinetiU,  krunUiU,  chemamnile,  etc. 

Amber  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic  from  Dantzig  to  Memel; 
also  on  the  coasts  of  Denmark,  Sweden,  and  the  Russian  Baltic  provinces.  It  is  mined 
extensively,  and  is  also  fouml  on  the  shores  cast  up  by  the  waves  after  a  heavy  storm. 
Amber  and  the  similar  fossil  resins  are  of  veiretable  origin,  allered  by  fossilization  ;  this  is 
inferred  t>oth  from  its  native  situation  with  coal,  or  fossil  wood.  an<l  from  the  occurrence  of 
insects  incased  in  it.  Aml»er  was  early  known  to  the  ancients,  and  called  r/XeKr^ov, 
dectrum.  whence,  on  account  of  its  electrical  susceptibilities,  has  been  derived  the  word 
eUciricity, 

Copalite.  or  Highgate  resin.  isfn)m  the  London  bliieclay.  It  Is  like  the  resin  copal  in 
hardness,  color,  luster,  tnuisparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.     Emits  a  resinous  aromatic  odor  when  broken. 

The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposits,  etc.: 

BATiiviLiiiTB.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanite  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lauds  of  Torbane  Hill,  Bathville,  Scotland.. 
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It  may  be  an  altered  resin,  or  else  material  which  has  filtrated  into  the  caTitj  from  the 
aurrounding  torbauite. 

TASMAinTB.  In  minute  reddish  brown  scales  disseminated  through  a  laminated  shale ; 
average  diameter  of  scales  about  0*08  in.  Not  dissolved  at  all  by  alcohol,  eUier,  benjBene^ 
turpentine,  or  carbon  disulphide,  even  when  heated.  Remarkable  as  yielding  6*8  p.  c. 
aulphur.  From  the  river  Mersey,  north  side  of  Tasmania ;  the  rock  is  called  eamhu$i9bU 
shale, 

Dtsodils.  In  very  thin  folia,  flexible,  slightly  elastic;  vellow  or  greenish  gnj. 
Annlysis  gave  2*3  p.  c.  sulphur  and  1*7  p.  c.  nitrogen.  From  lignite  deposits  at  lleliu, 
Sicily,  and  elsewhere. 

Oboceritb.  a  white,  wax-like  substance,  separated  from  the  brown  coal  of  Gesterwita, 
near  Weissenfels.     OeomyHcUs  and  geoeenlUu  are  other  products  from  the  same  source. 

Lbucopetritb.  Also  from  the  Gesterwitz  brown  coal.  Between  a  resin  and  wax  in 
physical  characters. 

Ptrorbtinitb.    From  brown  coal  near  Aussig,  Bohemia. 

DoppLBRiTB.  In  elastic  or  partly  jelly-like  masses;  brownish  black.  An  add  sub- 
stance, or  mixture  of  different  acids,  related  to  humic  acid.  Ratio  for  C,  H,  O,  nearly 
10 :  12 :  5.    From  peat  beds  near  Aussee  in  Styria,  etc. 

Idrialitb.  Occurs  with  the  cinnabar  of  Idria.  In  the  pure  state  white  and  crystalline 
in  structure.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  clay,  and  some 
pyrite  and  gypsum  in  a  brownish -black  earthy  material,  called,  from  its  combustibility 
and  the  presence  of  mercury,  inflammable  cinnabar  {Queekiilberbrandere), 

PoBEPNYTE.    Occurs  in  bard,  brittle  plates  or  nodules,  light  green  in  color.     From  the 
Oreat  Western  mercury  mine.  Lake  Co..  California.    See  also  napalite,  p.  548. 


The  following  are  still  more  complex  native  hydrocarbon  compounds  of  great  importance 
from  an  economic  standpoint. 

Petroleum.  Naphtha;  Petroleum.  Mineral  oil.  Kerosene.  ErdCl,  Berg6l,  Steinffl, 
Germ. 

PiTTASPHALT;    Maltha.     Mineral  Tar.    Bergtheer  Oerm. 

Liquids  or  oils,  in  the  crude  state  of  disagreeable  odor;  varying  widely  in  color,  from 
colorless  to  dark  yellow  or  brown  and  nearly  black,  the  greenish-brown  color  the  most 
common:  also  in  consistency  from  thin  flowing  kinds  to  those  that  are  thick  and  viscous; 
and  in  specific  gravity  from  0'6  to  0*9.  Petroleum,  proper,  passes  by  insensible  gradations 
into  pittasphalt  or  maWia  (viscid  bitumen);  and  the  latter  as  insensibly  into  as^^ialtovwoivdi 
bitumeu. 

ChemicHlly.  petroleum  consists  for  the  most  part  of  membei*s  of  the  paraffin  series, 
OwIIsn  +  «,  varying  from  marsh  mis,  CH«,  to  the  solid  forms.  The  defines,  CmH««,  are 
also  present  in  smaller  amount.  This  is  especially  true  of  the  American  oils.  Those  of  the 
Caucnsus  have  n  higher  density,  the  volatile  constituents  are  less  prominent,  they  distill  at 
about  150°  and  contain  the  beuzenes,  CnHsn-t,  in  considerable  amount.  There  are  present 
also  members  of  the  series  CnH^n-H.  The  German  petroleum  is  intermediate  between  the 
American  and  the  Cauoisian.   The  Canadian  petroleum  isespccialty  rich  in  the  solid  paraffins. 

Petroleum  occurs  in  rocks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales, 
sands,  and  sandstones,  but  is  found  also  permeating  limestones,  giving  them  a  bituminous 
odor,  and  rendering  them  sometimes  a  considerable  source  of  oil.  From  these  oleiferous 
shales,  stiuds  and  limestones  the  oil  often  exudes,  and  appears  floating  on  the  streams  or 
lakes  of  the  region,  or  rises  in  oil  springs.  It  also  exists  collected  in  subterranean  cavities 
in  certain  rocks,  whence  it  issues  in  jets  or  fountains  whenever  an  outlet  is  made  by  boring. 
The  oil  which  fills  the  cavities  has  ordinarily  been  derived  from  the  subjacent  rocks;  for 
the  stmta  in  which  the  cavities  exist  are  frequently  barren  sandstones.  The  conditions 
required  for  the  production  of  such  subterranean  accumulations  would  be  therefore  a  bitu- 
minous oil-bearing  or  else  oil-producing  stratum  at  a  greater  or  less  depth  below;  cavities 
to  receive  the  oil;  an  overlying  stratum  of  close-grained  shale  or  limestone,  not  allowing  of 
the  easy  escape  of  the  naphtha  vapors. 

The  two  regions  which  now  furnish  the  chief  part  of  the  petroleum  are,  first  in  ioiport- 
ance,  western  Pennsylvania,  with  parts  of  New  York  and  Ohio.  and.  second,  the  Baku 
region  on  the  Caspian  Sea,  at  the  eastern  end  of  the  Caucasus.    The  oil  has  been  known  to 
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exist  at  the  Utter  locality  since  early  times,  but  ouly  since  1876  has  its  economic  importance 
been  recognized.  Petroleum  is  also  obtaiued  in  this  country  in  West  Virginia;  near  Cafton 
City.  Colorado;  and  in  California,  especially  in  Los  Angeles,  Ventura  and  Santa  Cms 
counties.  Numerous  localities  where  it  occurs  in  imiited  amount  have  been  noted  in  other 
States.  In  Canada,  oil  is  produced  in  Lambton  county,  Ontario.  Other  oil-producing 
regions  are  found  in  Burma,  Japan.iNew  Zealand,  etc. 

Asphaltnm.  Mineral  Pitch.  Asphalt,  Bergpech,  Erdpech,  Qerm, 
Asplialtum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
oxygenated.  Its  ordinary  characters  are  as  follows  :  Amorphous.  O.  =  1-1 '8;  some- 
times higher  from  impurities.  Luster  like  that  of  black  pitch.  Color  brownish  black 
and  bluc'ik.  Odur  bituminous.  Melts  ordinarily  at  90*  to  100*.  and  burns  with  a  bright 
flame.  Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
monly |>arily  in  alcohol.  The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral 
tar,  and  ihi-uugh  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation, 
which  consists  first  in  a  loss  of  hydrogen,  and  Anally  in  the  oxygenation  of  a  portion  of  the 
mass.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
analyses!  show  that  the  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Aspbaltum  belongs  to  rocks  of  no  particular  age.  .  The  most  abundant  deposits  are 
superficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
ing some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localiUes 
of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphaltites,  whence  the  most  of  the 
asphaltum  of  ancient  writers;  a  lake  on  Trinidad,  1^  m.  in  circuit,  which  is  hot  at  the 
center,  but  is  solid  and  cold  toward  the  shores,  and  has  its  borders  over  a  breadth  of  )  m. 
covered  with  the  hardened  pitch  with  trees  flourishing  over  it;  at  various  places  in  South 
America;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elatbrite.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
like  india-rubber;  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
Castleton  in  Derbyshire,  and  elsewhere. 

Albertite.  Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in 
oil  of  turi)eutine,  and  in  its  very  imperfect  fusion  when  heated.  H.=  1-2.  G.  =  1*097. 
Luster  brilliant,  pitch-like;  color  jet-black.  Occurs  filling  an  irregular  fissure  in  rocks  of 
the  Lower  Carboniferous  in  Nova  bcotia. 

Grahamitk.  Resembles  albertite  in  its  pitch-black,  lustrous  appearance.  H.  =2.  G.= 
1*145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  naphtha  or  benzene;  not  at  uU 
in  alcohol;  wholly  in  chloroform  and  carbon  disulphide.  Melts  only  imperfectly,  and  with 
a  decomp^)sition  of  the  surface.  Occurs  in  W.  Virginia,  about  20  m.  S.  of  Parkersburg, 
filling  a  fissure  in  a  Carboniferous  sandstone. 

GiLsoNiTE,  also  called  Uintahitfi  or  Uintaite.  A  variety  of  asphalt  from  near  Ft.  Duchesne, 
Utah,  which  has  found  many  applications  in  the  arts.  Occurs  in  ma.sses  several  inches  in 
diameter,  with  couchoidal  fracture;  very  brittle.  H.  =  2-25;  G.  =  1065-1 -070.  Color  black, 
brilliant  and  lustrous;  streak  and  powder  a  rich  brown.  Fuses  easily  iu  the  fiauie  of  a 
candle  and  burns  with  a  brilliant  fiame,  much  like  sealing-wax.  Named  after  Mr.  S.  H. 
Gilson  of  Salt  Lake  City. 

Mineral  Ooal.  Compact  massive,  without  cr^'stalline  structure  or  cleavage:  sometimes 
breaking  with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  structure. 
Sometimes  laminated:  often  faintly  and  delicately  banded,  successive  layers  differing 
sliglitlv  in  luster.  Fracture  cunchoidal  to  uneven.  Brittle:  rarely  somewhat  sectile. 
H.  =  0-5-2-5.  G.  =  1-1  80.  Luster  dull  to  brilliant,  and  either  earthy,  resinous  or  sub- 
metallic.  Color  black,  grayish  black,  brownish  black,  and  occasionall}'  iridescent:  also 
sometimes  dark  brown.  O^Mique.  Infusible  to  subfusible;  but  often  becoming  a  soft, 
plia:it  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford  more  or  less  of 
oily  Mild  tarry  substances,  which  arc  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  partly  (1)  on  the  amount  of  the  volatile  ingredients 
afforded  on  destructive  distillation;  or  (2)  on  the  nature  of  these  volatile  compounds,  for 
ingredients  of  similar  composition  may  differ  widely  in  volatility,  etc.;  (3)  on  structure, 
luster  and  other  physical  characters. 

Coal  is  in  genend  the  result  of  the  gradual  change  which  has  taken  place  in  geological 
history  in  organic  deposits,  chiefiy  vegetable,  and  its  form  and  composition  depend  upon 
the  extent  to  which  this  change  has  gone  on.  Thus  it  passes  from  forms  which  still  retain 
the  original  structure  of  the  wood  (peat,  lignite)  and  through  those  with  less  of  volatile  or 
bituminous  matter  to  anthracite  and  further  to  kinds  which  approach  graphite. 
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1.  Amthbacite.  Glniizkolile  Oerm.  II.  =  2-2*5.  G.  =  1  •32-1-7.  Luster  bright, 
often  Bubmetallic,  irou-bbiok.  iiiui  frequently  iridescent.  Fi-acture  coDcboidal.  Volatile 
matter  after  drying  8-6  p.  c.  Burns  with  ti  teebie  tlame  of  u  pale  color.  The  nDihracites 
of  Peuusylvnuiii  contain  ordinarily  85-93  v>er  rent,  of  cnrbon;  those  of  South  Wales,  88-95; 
of  France,  80-88;  of  Saxony,  81;  of  southern  Rusbiu.  sonietimen  94  per  ceni.  ADihracite 
graduates  through  senii-HUihraciic  inio  biiumiuous  coal,  becoming  less  hard  and  coutaiuing 
more  volatile  mutter;  and  an  intermediate  variety  is  cb\\ei\  free-lmming  anthracite. 

2.  BiTCMiNOUS  Coal  Burns  in  the  fire  with  a  yellow,  smoky  tlame.  and  gives  out  on 
distillation  hydrocarbon  oils  or  tur;  hence  tiie  uxxine  bituminous.  1\w  ordinary  bituminous 
coals  contuin  from  5-15  p.  c.  (nirely  16  or  IT)  of  oxygen  (ash  excluded);  while  the  so-called 
brown  coal  ox  lignite  coutiiins  from  20-86  p.  c,  after  the  expulsion,  at  100**,  of  15-36  p.  c.  of 
water.  The  amoimt  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  biight, 
pitchy,  greasy  luster,  a  lirm compact  texture,  are  rather  fragile  compared  with  uuthmcite, 
and  have  O.  =  ri4-r40  The  brown  coals  liave  ofttn  a  brownish-black  color,  ^^  hence  the 
Dame,  and  more  oxygen,  but  in  these  res|)ects  and  others  they  shade  into  ordinary  bitumin- 
ous coals.  The  ordinary  biiumiuous  coal  of  Pennsylvania  has  G.  =  1*26-1  87;  ot  Newcas- 
tle, England,  1-27;  of  Scotland,  1  27-1-32;  of  Fnmce,  1*2-1 -88;  of  Belgium.  1  27-1  8.  The 
most  prominent  kinds  are  the  following  : 

(a)  Caking  or  Coking  Coal,  A  bituminous  coal  which  softens  nnd  becomes  pasty  or  8c>mi- 
▼iscicl  in  the  Are.  This  softening  takes  place  at  the  temperature  of  incipient  deconip<isitioo, 
and  is  attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  aredriveu  off» 
and  a  coherent,  grnyish-black,  cellular  or  fritted  muss  (coke)  is  left.  An.ount  of  coke  left 
(or  part  not  volatile)  varies  from  50-85  p.  c. 

{b)  Non-  Caking  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ulti- 
mate composition;  but  burning  freely  without  softening  or  any  appearance  of  incipieDt 
fusion.     There  are  all  gradations  between  caking  and  non-caking  bituminous  coals. 

(c)  Cannel  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking;  but 
differing  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  luster,  and  without  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  nnd  smooth  surface;  color 
dull  black  or  grayish  itlack.  On  distillation  it  affords,  after  drying,  40  to  66  p.  c.  of  vola- 
tile matter,  and  the  material  volatilized  includes  a  large  proportion  of  burning  and  lubri- 
cating oils,  much  larger  than  the  above  kinds  of  bituminous  coal;  whence  it  is  extensively 
used  for  the  manufacture  of  such  oils.  It  graduates  into  oil-producing  coaly  shales,  Uie 
more  compact  of  which  it  much  lesembles.  I'orbaniUxs  a  variety  of  cannel  conl  of  a  dark 
brown  color,  from  Torbane  Hill,  near  Bathgate.  Scotland;  also  called  Boghead  Cannel. 

(d)  Brown  Coal  (Braunkolile  Germ.,  Lignite).  The,  prominent  chanicteristics  of  brown 
coal  have  already  been  mentioned.  They  are  non  caking,  but  afford  a  lar^e  proportion  of 
volatile  matter;  sometimes  pitch-black,  but  often  rather  dull  nnd  brownisli  black.  G.  = 
1*15-1 '8.  Brown  coal  is  often  called  lignite.  But  this  term  Is  sometimes  restricted  to 
masses  of  coal  which  still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  of 
brown  coal,  conipact  in  texture,  and  taking  a  good  polish,  whence  its  use  in  jewelry. 

Coal  ocruvs  in  beds,  interst  rati  tied  with  shales,  sandstones,  and  conglomerates,  and 
sometimes  limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  80 
feet  or  more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  Alleghanj 
range,  in  rocks  that  have  undergone  great  contortions  and  fracturings,  while  the. bitumin- 
ous coals  are  found  extensively  in  many  States  farther  west,  in  rocks  that  have  been  ]e» 
disturbed;  and  this  fact  and  other  observations  have  led  f;eologists  to  the  view  that  the 
anthracites  have  lost  their  bitumen  by  the  action  of  heat.  The  origin  of  coal  is  mainly  veg- 
etable, though  animal  life  has  contributed  somewhat  to  the  result.  The  beds  were  once  beds  of 
vegetation,  analogous,  in  most  respects,  in  mode  of  formation  to  the  pent  beds  of  modem 
times,  yet  in  mode  of  burial  often  of  a  very  different  character.  This  vegetable  origin  is 
proved  not  only  by  the  occurrence  of  the  ieaves,  stems  and  logs  of  plants  in  the  coal,  but 
also  by  the  presence  throughout  its  texture,  in  many  cases,  oif  the  forms  of  the  original 
f]l>ers;  also  by  the  direct  observation  that  peat  is  a  transition  state  between  unaltered  vege- 
table debris  and  brown  coal,  being  sometimes  found  passing  completely  into  true  brown 
coal.  Peat  iliffers  from  true  coal  in  want  of  homogeneity,  it  visibly  containing  vegetable 
fibers  only  partially  altered;  and  wherever  chanired  to  a  tine-te.\turea  homogeneous  mate- 
rial, even  though  hardly  consolidated,  it  may  be  true  brown  coal. 

For  an  account  of  the  chief  coal  fields,  asal  oof  the  geoloirical  relations  of  the  different 
coal  deposits,  reference  is  made  to  works  on  Economic  Geology. 


APPENDIX    A. 

ON  THE  DRAWING  OF  CRYSTAL  FIGURES  AND 

OF  PROJECTIONS. 


Ik  the  represeotatioD  of  crystals  by  drawings,  the  object  may  be  either  to  show  the  entire 
form  iu  pers()ectiveor  togive  simply  a  projection  of  the  faces  upon  a  single  plane.  The  first 
of  these  cases  i.s  the  more  iinportaut,  aud  must  be  treated  here  in  some  detail.  Two  points 
are  to  be  noted  in  regard  to  it.  In  the  tirst  place,  in  the  drawings  of  crystals  the  point  of 
view  is  supposed  to  be  at  an  infinite  distance,  and  it  follows  from  this  that  all  lines  which 
are  parallel  on  the  crystal  appear  para/^  in  the  drawing. 

In  the  second  place,  in  all  ordinary  cases,  it  is  the  complete  ideal  crystal  which  is 
represented,  that  is,  the  crystal  with  its  full  geometrical  symmetry  as  explained  on  pp.  9  to 
11  (cf.  note  on  p.  11). 

Projection  of  the  Axbb. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  drawing  of  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  m  the  isometric  system,  which  are 
equal  and  intersect  at  right  angles,  is  here  firat  given.  The  projection  of  the  axes  in  the 
other  systems,  with  the  exception  of  the  hexagonal,  maybe  obtained  by  varying  the  lengths 
of  the  projected  isometric  axes,  niid  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Isomeric  System. — When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the 
sides  nor  top  of  the  crystal  are  visible,  nor  the  faces  that  may  989. 

be  situated  on  the  intermediate  edges.  On  turning  the  crys- 
tal a  few  degrees  from  right  to  left  a  side  lateral  face  is 
brought  in  view,  an<l  by  elevating  the  eye  slightly  the  termi- 
nal face  becomes  apparent.  In  the  following  demonstration 
the  angle  of  revolution  is  designated  d,  and  the  angle  of  the 
elevation  of  the  eye,  e.  Fig.  989  represents  the  normal  posi- 
tion of  the  horizontal  axes,  supposing  the  eye  to  be  in  the 
direction  of  tiie  axis  BB:  BB  is  seen  as  a  niei*e  point,  while 
CC  appears  of  its  actual  length.  On  revolving  the  whole 
through  a  number  of  degrees  equal  to  BMB'  (8)  the  axes 
have  the  position  exhibited  in  the  dotted  lines.  The  projec- 
tion of  the  semiaxis  MB  is  now  lengthened  to  MN,  and  that 
of  the  semiaxis  MC  is  shortened  to  MU. 

If  the  eye  be  elevate<l  (at  any  angle,  e),  the  lines  B'N.  BM, 
and  CH  will  be  projected  respectively  below  N,  M,  aud  H,  and  the  lengths  of  these  pro- 
jections (which  we  may  designate  ^N,  6M,  and  cH)  will  be  directly  proportional  to  the 
lengths  of  the  lines  B'N,  BM.  and  CH. 

It  is  usual  to  adopt  such  a  i-evolution  and  such  an  elevation  of  the  eye  as  may  be  ex- 

Sressed  by  a  simple  ratio  between  the  projected  axes.     The  ratio  between  the  two  axes, 
[N  :  MH,  as  projected  after  the  revolution,  is  designated  by  1 :  r;  and  the  ratio  of  6'N  to 
MN  by  1  :  s.     Suppose  r  to  equal  3  and  8  to  equal  2,  then  proceed  as  follows  : 

Draw  two  lines  AA'.  H'H  (Fig.  990),  intersecting  one  another  at  right  angles.  Make  MH  = 
MH  =  b  Divide  HH'  into  3  (r)  parts,  and  through  the  points,  N,  N',  thus  determined, 
draw  perpend iculnrs  to  HH'.     On  the  left  hand  vertical,  set  off,  below  H',  a  part  H'K, 

equal  to  — 6  =  —  H'M;  and  from  R  draw  RM,  and  extend  the  same  to  the  vertical  N'.  B'B 

9  i 

is  the  projection  of  the  front  horizontal  axis. 

Draw  BS  parallel  with  MH'  and  connect  SM.  From  the  point  T  in  which  SM  intersects 
BN,  draw  TC  parallel  with  MH.  A  line  (CC)  drawn  from  C  through  M,  and  extended 
to  the  left  vertical,  is  the  projection  of  the  side  horizontal  axis. 

Lay  off  on  tha  rij^ht  Tertical  a  part  HQ  equal  to  -^  MH,  and  make  MA  =:  MA'  =  MQ; 
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If,  ta  h«re,  r 


'  8.  and  «  =  2,  then  S  = 


•  ar.  Md  ff =»■»', 


111(1  thai  i>f  u 


itandbehind  M,  ( 


nnocllDlc  Bystem  are  Incliued  ti 


II  la  drBirul)1e  to  g(i  Ibroucb  the  ibove  conslruclioa 
with  cure  to  iDsure  nil  posBlbte  accuracy.  The  kxw 
thus  obtained,  my  twice  the  length  here  repreieDted, 
may  be  iIiiimd  on  a  nultable  card  aud  preacrred  for 
fuluie  Use.  Whtacver  uetKled,  tbey  can  be  readUr 
transferred  to  a  sheet  of  paper  by  pricking  through 
the  lerriiinal  and  centi-al  ixiliitH.  In  ciich  ciiae,  before 
■he  Axi'S  -a  ulitaiiied  ui-e  uned.  they  sboubl  be  tested 
to  make  sure  ibut  tlie  regpeciive  seuiiaxes  eitlier  aldj  of 
the  ceulni]  ]miIdI  M  iire  i  qual. 

TetrBgonalimdOrthorhombicSyitenu.— TlicHxe* 
AA'.  CC  BB'.  couglructtd  in  the  mituDer  Ui-Fcrilied, 
are  pqunt  auil  iit  right  aii(;leg  to  each  nther.     The  pro- 

{ectioii  of  the  ajies  of  a  lerregiioal  cryslal  ia  oblnlned 
ly  Bimply  Inyiug  off.  with  »  scale  of  proporUonal 
A  parts,  on  MA  and  MA'  lakcii  aa  itnlta,  (he  value  of  the 

veriicBl  tixis  (^)  fur  the  given  species.     Thug  for  eItcod, 

where  i  =  0(U.  we  must  lay  oB  0'84  of  MA  above  M  an<i  Ihe  siiine  length  below. 

For  an  ortborbombic  crystal,  where  [lif  three  mes  nre  iiaequal,  Ihe  length  of  i  numi  ■■ 

before  be  laid  off  above  nnd  below  from  M, '  "—  -'  ■'■  '~  ' --j  <--■-•    -•  ■•. 

It  is  usual  to  innke  the  side  Hxis  MC  =:  »  =  I 
Mouocliulo  Bystem.—Theaxi'Hrf  anil  li  : 

other  at  an  oblique  angle  =  tf.  Toprojectlhi 

and  lUiii  adapt  the  isonicinc  nxes  to  a  monoiOinlc  form. 

Inyolf  (Fig-WI)  on  the  axes  MA.  M'l  =  MA  x  cnsff. 

and  on  Ihe  ails  BB'  behind  M.  MA  =  MB  X  Kin  ff.     From 

the  poiuu  6  and  n,  draw  lines  parulle!  respeftWely  with 

the  axes  AA'  and  BB'.  and  from  iheir  interaccTiun  IV, 

draw  through  M,   I^D,  making  MD  =  MD'.     Tlie  line 

DD'  U  the  clinoilingonal,  an<l  the  lines  AA,  CC.  DD' 

represeut  the  axes  in  a  mouoclinic solid  in  whlcho  =  *  = 

e=  I.     The  points  »  and  b  and  Ihe  position  of  ihe  nxis 

Diy  will  vary  wiib  the  anicle  /S.     The  relntive  values  of 

Ihe  axes  may  be  given  ihem  as  above  expliiined:  that  Is, 

ifS  =  l,  layoff  in  Ihe  direction  of  MA  ai>d  MA'  »  line 

equal  loi,  and  in  the  direction  of  MD  nod  Mtf  a  line 

eqaal  in  d,  etc. 

TrlcUnic  Syatem.— The  vertical  sections  througb  the 

horizontal  axes  in  tlie  iriclinic  sj-stem  are  obliquely  In- 
clined; also  the  inclination  of  tlie  axis  i  to  each  axis  6 

aod  e,  ia  oblique.      In   Ihe   Mlaptation  of   Ihc  isomelric 

axes  to  the  triclinic  forms,  it  Is  therefore  necessai'y.  in  the  first  place,  to  rive  the  reqalalte 
gg2.  obliquity  1o  tlie  mutual  liiclinalloti  of  Ihe  vertical  md- 

lions,  and  afterwards  to  adapt  the  horizotiial  aien.  The 
inclinalion  of  Ihcse  heciloos  we  may  devipnate  A,  and 
as  bereloforc,  the  angle  Iwlneen  a  and  b,  y.  and  a  and 
e,  li.  BB'  is  (be  analogue  of  the  brachydinKonal.  and 
CC  of  the  macrodiagoniU.  An  oblique  incllnntlon  may 
be  given  the  vertical  sections,  by  varying  ihe  poeltion 
of  either  i>f  Ihesc  sections.  Permitting  the  brachydiag- 
onai  seciion  ARA'H'io  remain  unaliered,  we  may  v»ry 
the  oilier  scclion  as  follows  ; 

Uj  off  (Fig,  U92)oTi  MB,  W>'  =  MB  X  cos  A.  and  on 
the  axis  CC  (lo  Ihe  right  or  left  of  M.  according  as  the 
acute  angle  A  ia  lo  the  rightor  leftl.  M*  —  MC  x  Mn  A; 
completlni.'  'he  p«nillelogmm  MA*  Di-.  and  drawing  the 
diagonal  HD.  extending  the  same  to  IK  ao  a«  lo  make 
Hiy  ^  MD,  we  obtain  the  ItneDD';  the  vertiral  sectloa 
passini;  through  this  line  lathe  correct  ma  crodiaennU 
section  The  inclinalion  of  a  lo  Ihe  new  mnctodtar. 
onal  DD'  is  (till  a  right  angle;  a*  alao  the  inellmtioB 

of  «  to  fr,  tbeir  oblique  Inclinations  nrny  he  given  them  m  followi ;   Laf  oil  on  llA  (Ft^ 
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^92\  Ma  =  MA  X  cos  fi,  and  on  the  axis  BB'  (bracbvdiagODal),  Mb  =  MB'  X  sin  fi.  Bv 
couipleting  tbe  parallelogram  Ma,  E'6,  the  poiut  E'  is  Jeterminecl.  Make  ME  =  ME;  EE'ia 
the  projected  brachyuiagonul.  Agaiu  lay  off  uu  MA,  Ma'  =  MA  X  cos  a,  aud  on  MIX,  to 
the  left,  Md  =  MIV  X  sin  a.  Draw  lines  from  a'  and  d  parallel  to  MD  and  MA:  F.  the  in-  , 
tcrsectiou  of  these  lines,  Is  one  extremity  of  tbe  macrodia^onal ;  and  the  line  FF,  in  which 
MF  =  MF',  is  the  macrodiagonal.  The  vertical  axis  AA'  and  the  horizontal  axes  EE' 
(brachyuiagoual)  aud  FF  (macrodiagonal)  thus  obtained,  are  the  axes  in  a  triclinic  form, 
in  which  a  =  b  =  e  =  l.  Different  values  may  be  given  these  axes,  according  to  the  method 
heretofore  illustrated. 

Hexagonal  System. — The  simplest  method  of  obtaiuinff  the  axes  for  tbe  liexagonal  bsj^ 
teui  is  us  I0II0W8  :  We  start  with  the  isometric  axial  cross  (Fig.  990)  and  change  it  so  that  tb« 

front  axis  (MB.  Fig.  998)  shall  have  ti  length  equal  to  1*732  (=  f^8)  times  its  original 
length.  When  the  extremities  of  the  line«  CC  and  BB'  are  Joined  a  rliomb  will  be  formed 
having  the  angles  nt  C  and  C  equal  to  120''.  Now  draw  thronvh  the  middle  points  of 
MB,  MB'  lines  jMirnllel  to  CC,  aud  the  resulting  figure,  CDEC'D'E'.  will  be  a  regular 
hexagon.  Tbe  lines  joiniugiis  angles,  namely,  CC".  DD',  EE'.  will  be  the  lateral  axes  re- 
quired; these  are  shown  in  Fig.  994.  repeated  from  p.  66.  It  only  remains  to  give  the  ver. 
tical  axis  the  length  required  by  the  case  in  hand. 


Drawing  of  Stmim.e  and  (  ompi.kx  Crystals. 

Simple  Forms.— Whr>n  the  nxial  cross  has  l)een  constructed  for  the  given  species,  tbe  #eta» 
Itedron  in  the  i»ometric  system  and  the  unit  pf^a- 
mid  in  the  other  systems  are  obtnine<l  at  once  by 
joining  the  extremities  of  each  of  the  lateral  axes 
with  those  of  the  vertical  axis  This  is  illustrated 
for  the  isr)met He  system  by  Fig.  995  Here,  as  in 
nil  cases,  the  lines  wliirh  fall  in  front  arc  drawn 
stron.ijly,  while  those  liehind  are  simply  dotted. 

For  the  dinmetral  prism  draw  through  B,  B'. 
C.  C  of  the  projected  axes  of  any  snecies  (Fig. 
995).  lines  ]>arjinel  to  the  axes  CC.  BB'.  until  they 
meet;  they  make  the  parallelosjram,  abed,  which 
is  a  transverse  section  of  the  prism,  parallel  to  the  ^' 
base.  Through  a,  6,  c,  d  draw  lines  parallt^l  and 
equal  to  the  vertical  axis,  making  the  parts  above 
and  below  these  points  Ci^ual  to  the  vertical  seml- 
nxis  Then,  connect  the  extremities  of  these  lines 
by  lines  parallel  to  ab,  be,  ed.  da,  anjl  the  figure 
w'ill  be  that  of  the  diametral  prism,  correspond- 
ing to  the  axes  projected. 

In  the  ca.se  of  the  Isometric  system  (Fig.  995),  this  dhimetral  prism  is  the  cul)e  whose 
faces  are  represent«*d  by  the  letter  a  (100).  Fig.  70,  p.  84;  in  the  tetragonal  sy.«tem  it  is  the 
prism  a  (100),  r  (001).  Fie.  149.  p.  54;  in  the  orthorhombic,  monoclinic  and  triclinic  systems 
the  fact's  have  the  symbols  a  (100).  b  (010),  e  (001).  as  shown  in  Figs.  275.  312,  888. 

The  unit  reriieai  prism  in  the  tetragonal,  orthorhombic,  and  clfuometrlc  systems  msy  be 
projected  by  drawing  lines  parallel  to  the  vertical  axis  AA'  through  B,  C,  B',  C,  mnkin|r 
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the  parlsaboTC  and  below  lbe«e  poinli  equal,  and  tlien  coQuecllng  iLe  extremltla  af  llimr 
Hues  by  liuei  parallel  to  BC,  CB',  B'C,  CB.  Tlie  pluue  BCB'C  Is  a  Iraoaveree  sectioi)  ot 
sucti  a  prism  piimllel  to  Ita  buss,  lliia  priam  is  bounded  by  tbe  faces  m  (110),  e  (001).  Ct 
Flga.  150,  2Tfl,  S13. 

Othtr  prisms  in  Ibe  orlborbombk,  moDOcliiiic  and  tricllnlc  ayBtema,  aa  (210),  (ISOX 
«tc..  me  druwii  iu  tbe  same  waj,  ouly  tLaE  tbe  lateral  axea  must  be  adapted  ti>  each  iMt». 
Tbus  fur  (210)  ibe  iixU  b  Las  double  tbe  unit  tbIub  cbHracierisiic  of  tbe  KivcD  specieti  for 
<1:)0)  it  bas  half  tbis  value  {or,  otberwise  eipreaat-d,  tbe  axis  a  is  1o  be  doiibled),  and  au  on. 

It)  tbe  tetragonal  system  the  prisms  (210).  (31U),  etc.,  bave  eight  faces  (cf.  Fig.  ISS,  p. 
M).  TUerefore,  ».g.  for  i210),  first  draw  lu  Ibe  plane  uf  tbe  lateral  axes  liuea  Tram  tin 
UDit  leoglb  uf  each  axis  to  tbe  double  of  lliul  ndjoluiag  (+ and  — } :  tbe  interaecllon* of 
tbese  eigut  lim-s  arc  poiiils  tbroufjb  wbicb  lines  iiiii£t  be  di-awn  vertically  (parallel  toi), 
correspond iug  to  tbe  edges  lettered  y  in  Fig.  IS3.  Fur  ilie  iii^iii^oiial  system  tbe  construe- 
tiou  of  tliu  iliree  prisma  is  so  similar  lo  ibuse  ilescrtlHrd  as  lo  need  uu  further  eiplHoation. 

Oiber  simple  forms  are  oouatructud  on  much  ilie  s^nie  prtnniplu.  Tbe  puinu  are  fint 
lo  be  di^lermliied  at  nbicb  the  respective  fiices  cut  tile  tixes.  Tbeti  ligUt  couatrucUon  lines 
uredrawu  iu  each  uf  Lbe  axial  planes  coiiuectitig  Ibose  p<iiuin.  and  iit  llie  aaine  time  tbe 
iuiersecli oil- points  ooied  for  ench  piiir  of  udjiiiuiug  fai.'es.  Fi-om  Ibese  last  tbe  actual  inlcr- 
secliou  lioes  of  tbe  givea  form  are  ublained. 


990. 


99B. 


Pigs  991)  to  »8  will  serve  as  illustrations  Tbe  ^o'^/.t^^o'i'Sf^.r^!  W^ 
(8211.  The  tbree  front  upper  fnces  of  tbi,  l.i.ve  tb^ -y.nbnU  221.  313^  IM  (cf  F  gJB,  p. 
38).     For  tbem  the  axial  in  terse*;  lions  ure  (see  tbe  explaualioi.  od  pp.  38.  34)  U  followa : 


ja,  :  ia,  :  la.  = 


:  la,; 


:  la,  :  l-i 
la,  :  )«,  :  \a,  =  2a,  .  «,  :  "i- 
Here  Ilie  axes  n,  n,  ",  are  as  always,  taken  in  the  a.  b.  e.  order  (ct.  PiR.  55.  p.  SI. 
FiK.  Wfl  shows  encb  of  lbe  three  planes  pm]^«;ted  on  tlie  axes,  and  Ibeir  respective  '""«?; 
lion-edin-s  are  =e<:n  at  once  lo  he  the  doited  line-  sWrliui;  from  tlie  poInU  etlered  a™ 
completion  of  Ilie  figure  involve,  no  fnnher  ditHculiy.  It  is  lo  be  noted,  however,  thwlt 
]■  not  neces.*:.ry  lo  r^i^cat  tbe  full  oon.truction  for  each  ooranl.  since  the  principle  of  sym- 
metry with  r.-BMCt  to  the  tbree  ax!»l  planes.  Iliat  is  along  lines  P*"!'?' '",««*',  °' i''*  "^ 
comes  it.  lo  simplify  Ihe  work.  In  pniclice.  it  is  well  to  coosirurt  the  fr^l  half  MdiMetiM 
•ymmelry  lu  cimplete  lbe  part  behind,  wblcb  is  usually  drawn  in  doited  Unea.  The  V* 
melry,  in  any  case.  ' '  —'■-'■'-  " 


«  valiwhle  check  on  'lie  acrnracy 


of  the  work. 


Zolher  illu«™tion  is  given  by  Figs  998  999  uf  lbe  dit.-ragonal  pyramid  (128)  of  th. 
WtraeonM  syslpm  (cf.  Fie.  166.  p   B8)      This  requires  no  add  tional  fPl*""™- 

OompUx  Porin»,-Wheu  It  Is  i-equire<i  to  draw  not  only  lbe  f MM  of  a  aingle  ttn 
«mbraced  under  the  aame  symbol,  but  also  those  of  a  number  of  fonm  modtrylng  m 


s  fouDil  dcsIriLlite.  It  Is  pnsaibte,  indeed,  to  coi 
mir'niJoDed,  eticli  plane  Itehi);  Inld  off  ol  ilie  give 
iDK  planes  detenniued  by  two  ]K)ii)iB.  ulwayH  i 
i>D  with  each  of  tliem,  la  lliis  way,  hiiwever.  1L 
o  be  eltreoiely  perpleilni;,  Hud  iLuk  lend  tu  errc 


another,  a  somewhat  different  process  i; 
■Iruct  a  coiiiplei  figure  ia  tlie  way  ju»  in 
>m.  and  ita  Juteraectioii -edges  wiib  adjoii 
the  axis)  lectioDs,  which  it  htu  in  c-c 
4giire  will  «uoii  become  su  cuuiplei 
and  cODsequeDt  loss  of  (line. 

The  proceu  of  determiniog  tbe  direction  of  the  in teraectioii' edges  1*  much  Efmplifii-d  (t 
the  ezpretaiou  giving  the  ratio  of  the  iotercepts  on  ilie  sie.--fureitch  pliiue  is  so  triLnnfurmed 
(by  dividing  by  tbe  coefficient  of  the  veniciLl  axisl  Ibut  Ilie  Vuliie  fur  the  vertical  Hxla  ahidl 
be  unily  ([but  is.  in  general  equal  to  i>.  The  eKtreniiiy  of  ilie  vertical  axis  (-|-  or  — }  ia 
then  oiM  point  at  iuleraectlon  for  nay  two  planea,  aud  the  other  point  will  always  be  Id  tho 
plane  uf  the  lateral  axes. 

As  All  einiD|)Ie  of  the  trans  format  ion  culled  for,  suppose  SS4  to  be  tJie  symbol  of  a 
given  face,  ila  intercepts  on  tbe  alec  a,  b,  c  would  lie  (Art.  S4)  ^  :  ^^  :  J«,      This  put  Into 
the  form  required  for  tbe  prestut  imrpose  becomes  (by  mupliplylug  by  i). 
ta-.2b:c. 

It  will  be  noted  that  ihe  expression  thus  obtained  is  not  ordinarily  tliat  wliicb  corre- 
sponds 10  tlie  Nsumann  symbols,  for  with  tbem  the  length  of  a  lateral  uils  {usually  a)  la 
taken  as  the  unit. 

Esanpl*. — Tlie  explanation  of  tbe  inelliod  of  drawing  crystals  can  best  be  described  bj 
use  uf  a  concrete  example.  Suppose  lb ut  it  is  required  to  dniw  un  orlborhomlilc  crystal - 
(andalusiie)  of  prismatic  babit  (Pig.   1000),  sliowiiig  tlie  faces  a  (100),  c  (OUI),  m  (110),  r 


(101),  I  (Oil).  0  (111).  I  (131).  Il  IS  evident  that  an  IndeflLille 
of  Itgures  may  be  made.  iDcliidlng  the  faces  inentliiueii.  xtid  yet  of 
very  different  appearance  according  to  the  relative  size  of  each.  Ii  is 
usually  desirable,  however  to  represent  Ihe  actttiil  appennince  of  the 
crystal  iii  nature,  only  In  Ideal  symmiftry,  hence  il  is  important  in  all 
cases  to  have  a  sketch  of  Ihe  ciTstsI  to  be  represented,  sliowtng  Ihe 
relative  development  of  the  differeni  faces.  If  this  sketch  is  made 
with  a  Utile  care,  so  as  lo  exhibit  also  Ihe  parallelism  of  ilie  Inierseciion- 
edges  In  Ihe  occurring  Eones.  it  will  give  material  aid.  Tlie  zones,  it 
U  to  be  noted,  are  a  great  help  Id  drawing  figures  of  cr^slals.  and 
they  should  be  carefully  studied,  since  the  common  direcilun  of 
the  intersect  ion -edge,  once  determined  for  any  two  faces  Id  It,  will 
answer  for  all  others. 

1001. 


looa 


The  flrat  aiep  is  to  take  tbe  isometric  axial  cross,  already  drawn  od  a  suitable  card,  and 
of  a  coDvenieolly  large  scale,  and  pierce  it  through  on  to  Ihe  paper  to  be  employed,  and 
then  adapt  it  to  the  rrqulrements  of  tbe  species  in  hand.  For  andalnslte  theaxinl  nilio  Is 
d:b:i  =  0-90  :  1  :  0-70.  Hence  the  vertical  axis  must  be  0-7  of  its  isometric  lengtli,  but 
<ia  this  case)  tbe  lateral  axis  calls  for  no  cbanae 

The  next  step  is  to  draw  on  lUe  plane  of  tlie  lateral  aze*  (Fig.  1001)  a  line  giving  the 
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trace  of  each  face  as  it  is  needed.  Each  line  is  obtained  from  the  expresiion  of  the  mziAl 
intercepts  transformed  in  the  manner  already  explained,  so  that  the  ralue  for  h  aluJl  be 
unity.  For  the  faces  of  the  prism,  m  (110).  the  required  lines  are  jm  and  qi  (Fig.  1(X)1). 
Obviously  their  intersection- edges  are  parallel  to  the  vertical  axis,  while  their  interBectioni 
with  the  base  c  (001)  are  parallel  to  p$  and  qt.  Similarly  the  mutual  intersection-edges  for 
the  faces  of  the  prism  k  (210)  and  the  pinacoid  a  (100)  will  be  parallel  to  CC'. 

Further,  the  corresponding  lines  for  the  upper  laces  of  the  macrodome,  er,  that  is,  101 
and  lOl,  are  pq  and  U :  those  of  the  faces  of  the  cliuodome  $  (Oil)  are  q9  and  pi ;  those  of 
the  faces  of  the  pyramids  o  (111)  are  ab,  ba\  a'b\  b'a ;  those  of  the  pyramid  z  (121),  whose 
intercepts  in  ttie  required  form  are  la :  lb:  le,  are  a«.  qa\  a'p,  ta,  Fnch  of  the  planes 
mentioned  passes  also  through  C.  the  extremity  of  the  vertical  axis.  Therefore,  whatever 
interstction-edge  is  called  for  is  ^ven  at  ouce  by  the  figure.  For  example,  that  for  the 
faces  2  (121)  and  s  (Oil)  is  the  hue  joining  C  with  9,  since  the  lines  cts  and  qs  representing^ 
these  planes  intersect  at  s  and  all  planes  pass  through  C  ;  further,  the  same  direction  is  that 
of  the  intersection-edge  of  m  (110),  e  (121),  since  the  trace  of  m  (110)  also  passes  throueh  the 
point  $,  So  also  the  intersection -edge  of  o  (111)  and  z  (121)  will  be  the  line  joining  C 
and  a,  and  the  same  line  is  that  required  for  r(lOl)  and  o(lll);  that  of  rand  /?"(210)  is 
given  by  the  line  joining  C  and  «,  since  the  trace  of  kf",  or  mm'  (Fig.  1001  ;  cf.  Fig. 
1002),  if  produced,  meets  that  of  r  (101)  or  pq  at  e. 

The  above  explanation  will   show  how  the  required  intersection-edges  can  be  obtained 

.  as  needed.     In  the  practical  use  of  the  method   it  is  customary  to  begin  with  the  p^^ 

dominating  form  and  then  add   the  modifying  faces  in  succession.    That  is,  in  the  casein 

hand,  the  prism  m  would  be  drawn    teiminated  by  e  ;  then  perhaps  the  pinacoid  a  added; 

then  the  prism  k  (210),  and  afterward  the  terminal  faces. 

The  actual  figure  is  usually  made  on  the  sheet  of  paper  below  the  axial  projection 
(Fig.  1001),  the  directions  of  the  inter  sect  ion -edges  being  carefully  transferred  by  means 
of  a  triangle  sliding  against  the  side  of  another  triangle  or  a  ruler.  The  figure  should  be 
made  considenibly  larger  than  as  finally  required,  since  only  in  this  way  is  suflScient  aoCu* 
racy  attainable.  The  final  figure  of  the  required  size  is  readily  accomplished  by  photo* 
engraving,  if  the  drawing  is  done  clearly  and  iu  black  lines. 

To  complete  the  figure  behind,  the  intersection-lines  can  be  obtained  in  the  same  way. 
It  is  to  be  noted,  however,  that  in  the  given  case  (of  an  orthorhombic  crystal)  the  sym- 
metry can  be  used  to  simplify  the  process,  or,  if  desired,  merely  to  check  the  work  dose, 
since  every  point  in  front  has  a  corresponding  symnietrical  point  behind  equally  distant 
from  the  axial  plane  be,  in  the  direction  of  the  nxi^  a.  The  symmetry  right  and  left  relatively 
to  the  axial  plane  ac  also  should  be  used  to  test  the  accuracy  as  regards  the  two  sides  of 
the  figure.  When  the  upper  half  of  the  figure  (or,  if  preferred,  the  front  half)  is  completed, 
the  symmetry,  as  noted,  is  usually  employed  iu  the  completion  of  the  remainder,  since  (in 
this  case)  every  Hue  in  front  above  has  one  parallel  and  equal  to  it  behind  below.  In  the 
case  of  crystals  of  lower  grade  of  symm  etry  the  method  is  less  simple,  and  in  some  instances 
considerable  ingenuity  is  called  for,  but  practice  will  serve  to  give  facility. 

On  the  Drawing  op  Twin  Crystals. 

• 

Twinned  Crystals.— In  order  to  project  a  compound  or  twinned  crvstal  it  is  genermlhr 
necessary  to  obtain  first  the  axes  of  the  second  iudividual,  or  semi-individual,  in  the  posi- 
tion in  which  they  are  brought  by  the  revolution  of  180*.  This  is  accomplished  in  the  fol- 
lowing inauner:  In  Fiff.  1002  a  compound  crystal  of  stnurolite  is  represented,  in  whidi 
twinning  has  taken  place  (1)  on  an  axis  normal  to  (082),  and  in  Fig.  1008  this  is  shown 
again  with  also  twinning  on  an  axis  normal  to  (232).  The  second  method  of  twinning  being 
the  more  general,  is  of  the  greater  importance  for  the  sake  of  example.  In  Fig.  1004  cc, 
bb\  Oil'  represent  the  rectangular  axes  of  staiirolite  <}  :  J :  <^  =  0*47  :  1  :  0*68).  The  t  win- 
ning-plane (232)  has  the  position  MNR.  It  is  first  necessary  to  construct  a  normal  frr»n:  the 
center  O  to  this  plane.  If  perpendiculars  be  drawn  from  the  center  O  to  the  lines  MN.  NR, 
MR,  they  will  meet  them  at  the  points  x.  y,  z,  dividing  each  line  iuto  segments  proportional 

to  the  squares  of  the  adjacent  axes  ;♦  or  Nj  :  M j  =  ON* :  OM*.  In  this  way  the  points  «. 
y,  z  are  fixed,  and  lines  drawn  from  any  two  of  them  to  the  opposite  angira  R,  N.  or  M 
will  fix  the  point  T.  A  line  joining  T  and  0  is  normal  to  the  plane  iMNR  =  282).  Further- 
more, it  is  obvious  that  if  a  revolution  of  180"  about  TO  take  place,  that  every  point  in  the 
plane  MNR  will  remain  equally  distant  from  T.     Thus  the  point  M  will  Uke  the  place 

•  This  is  true,  since  the  axial  anfclea  are  nsrht  antrles.  In  the  Monocliiiic  System  two  of  die  axial  inttr- 
•ections  are  perpendicular,  and  they  are  sufficient  to  allow  of  the  determination  of  tne  point  T  as  above. 
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=  Tu),  ilie  point  1/  ilie  place  /F  (NT  =  T/T).  and  m  a 
u,  tf,  I-,  ami  iliF  cuniiiiuu  ceutcr  U  will  be  tlie  Dew  kxm  conetpondiBf'u  . 
Q  vriler  !■>  obLHiii   iht  uuil  Kies  comispoDdiug  to  ^,  5,  a  it  fi  menlj  b«c 
Lrotitcii  e  n  line  piinllel  to  UTu,  meeling  ^^O  at  ^,  Ibeo  7-0^   h  tka  ■< 


1  iifl  rtOrt'  cnrrcaiimuls  1  it  aOa', 
ill  ifs  m-iiini'il  i<i>«iiioD  :  upoD 
I  bihI  (hpii  iruDsferred  to  Ita 


cal  axis  coTreBpondlug  to  eW :  also,  /S0«9Vorres|Htii(1a  lo  /lOft', 
Tlieac  three  aies,  tlieu.  are  the  axes  for  ilir  Atrond  inilivldiinl 
tb«m,  ill  tbt  usual  way.  Ibe  new  BgiirR  inay  b<-  rotislnirtt 
proper  pcsUion  wHli  refereoce  lo  ibe  iioriniil  cryfiiil. 

Fur  cbu  second  method  of  tvritialDK.  wLeii  tbc  axis  is  iioTtnnl  to  <03S>.  the  roDSlrncllon 
is  more  »iiiiple.  It  is  obvious  that  the  axis  is  ILe  line  Ox.  and  usiiie  Ibis,  as  before,  tbe 
new  axes  art  found  :  xOit  correaponds  to  eOe'  (seusiblT  coinciding  with  bb'),  since  e  (OOt)A 
032  =  45°  41',  aDd  to  on. 

Ill  maoy  cases  tbe  simplest  method  Is  to  coDstruct  flrat  (he  Dormal  crystal,  then  dnw 
through  its  center  Ibe  twlnulng-plane  and  Ibe  axis  of  reTolulion.  and  determine  the  angular 
polutB  of  ibe  reversed  crystal  on  the  principle  alluded  to  above:  that  by  the  revolulInQ 
evtry  point  remains  at  the  same  distance  from  Ihe  axis,  measured  in  a  plane  at  right  anglo 
to  the  axis.  Tliu-'«  in  Fig.  384,  p.  136.  when  tbe  scalenohedron  has  been  drann.  sinre  tfaa 
IwitiuiDg'plnne  Is  the  baHnl  plane,  each  angular  point,  by  the  revolution  of  180*,  obtains  % 
posiilou  eijuldlsiint  from  this  plane  and  directly  helot*  it.  In  this  way  each  angular  pc^nt 
IS  delermloed,  uud  the  compound  crystal  Is  completed  in  i 


Drawing  or  Pbojectionb. 


Borisontal  Projectiona.— It  is  often  n 
plele  cryatal.  a  'o-rnlled  iinrizonlnl  prr)]i'c 
selcclod  )9  iisiiallv  riial  normal  to  ihe  |>ri- 
bnne  of  rdl  crvatah  uxcpi  tbov  of  ihn  oli 
IS.  IB.  are  ixkmplc.^     Ob.T  plau'-a  uwy  1 


rcnieiit  lo  linve.  Instead  of  a  dinwlnp  "t  a  com- 
in  of  its  fiicen  upon  n  sincle  piano.  The  plane 
itic-  zone — in  other  words.  Hint  pnrallel  to  the 
metric  system  :  Piex.  30.  33.  34.  8A.  .W,  00  pp. 
o  bf.  inkttn  with  ndvantafie  lu  certain  caaea,  aa, 
■       Fig.  886.  p.  101, 
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The  drawing  of  tbese  projections  is  readily  nccomplisbed  by  one  who  has  mastered 

the  method  already  described  (p.  551) ;  it  is  further  illustrated 
here  by  Figs.  lOOo,  100<$  The  projection  given  (Fig.  1005)  ii 
that  of  the  figure  of  aiidalusite  sliowu  in  Fig.  lOUO. 

In  Fig.  100b  the  dotted  lines  aa' ,  bb'  represent  the  lateral 
axes  (here  sensibly  equal)  The  projection  of  the  unit  prism 
m  (110)  on  this  plane  gives  the  tines  ps  and  qt\  of  the  prism. 
k  (210),  the  lines  nn'  and  fnm'\  of  the  pyramid,  «  (121).  tbe 
lines  oi,  a'q^  a'p,  and  at^  etc. 

Tbe  intersection-edges  for  any  two  planes  will  be  ^iyen  by 
the  line  drawn  through  e  (tlie  extremity  of  tbe  vertical  axis  as 
projected,  common  to  all  planes),  and  also  through  the  point 
where  the  lines  representing  the  given  planes  intersect.  'I'hiis 
tbe  fares  f  and  J  are  represented  in  the  projection  by  the  lines 

oi  and  q$  respeclivi-ly.     Tbese  lints  meet  at  «;  hence  the  intersectiondlrection  for  tbe  two 

faces  will  be  the  line  drawn  through  O  and  «. 

1006. 


The  projection  shown  in  Fig.  1006.  when  each  face  of  a  crystal  is  represented  by  a  line 
on  a  given  plane,  usually  that  normal  ti>  the  prismatic  zone  (vertical  axis),  was  prop<'ftsed  by 
Quensledt,  and  is  known  as  tbe  QuentUdt  Piojection  ;  it  was  made  by  him  the  basis  of  an 
elalM)rate  system  of  crystallography.  It  will  be  noticcKi  that  sumes  here  are  represented  by 
points,  ainre  all  tbe  lines  representing  the  faces  of  a  given  zone  must  pass  through  tbe  siuue 
point   in   the   plane  of  projection  ;  this  is  still  true  mathematically  of  lines  which  are 

parallel. 

Spherical  Prqjection. — Various  methods  have  been  suggested  and  are  in  use  for  repro- 
senting.the  positions  of  the  faces  of  a  crystal,  especially  with  nspect  to  their  zonal  rels- 
tions,  tlie  angles  between  them,  etc.:  these  do  not.  however,  attempt  to  give  a  picture  of 
the  crystal  itself.  One  of  these— the  Quensledt  projection— represented  by  Fig.  1006.  hai 
already  been  spoken  of.  Another  valuable  method  is  that  of  Goldscbmidt,  which  be 
makes  the  biuse  of  his  ingenious  and  practical  system  isee  references  on  p.  117). 

The  most  serviceable  method  and  the  only  one  used  in  the  present  book  is  tbe  spherical 
projection  desc  ibed  in  Arts.  89  to  42  and  of  which  examples  are  given  in  tbe  pa^es  follow- 
ing (see  Fiir.  110  p.  41 ;  171.  p  58.  etc).  'I'he  meihoti  of  conRtructiou  needed  has  been 
explained  in  Art.  40.  so  far  as  it  applies  to  thr  orthcmietric  systems. 

For  the  monoclinic  system  it  is  to  Ihj  noted  (cf.  Fig.  32*7.  p.  108.  and  Fig.  1008)  that 
while  the  poles  of  the  prismatic  faces  still  lie  on  the  circumference  of  the  circle  and  can^be 
fixed  at  once  'vith  a  protractor,  and  while  all  tbe  orthodomes  (hdl)  lie  in  the  diameter  from 
a  (100)  to  d'  (100)  at  90**  from  b  (010).  the  base  c  (001)  is  not  the  middle  point  of  the  circle, 
as  in  the  projections  of  the  orthometric  systems.  The  positi<m  of  c  can,  howeyer.  be 
readily  fixed,  since  the  complement  of  tbe  angle  a*  (100  A  001  =  /5)  gives  its  anguUf 
distance  from  the  middle  point  of  tbe  diameter  aa  (P  in  Fig.  1008);  and  this  distance  od  tbe 
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projecuon  is  pioporlionul  to  the  laugeul  of  half  ibis  augle  in  terms  of  tbe  given  rudiiM.  Sa 
also  tbe  posiliou  of  any  ortbodome  wbose  angular  dibtauce  from  a  (100),  a'  (100),  or  c  (001), 
18  J&nown  can  be  lixed  ou  tbe  sphere  of  projection  in  tbe  same  way. 


1007, 


1008. 
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Instead  of  using  tbe  tangent  of  the  half  ancles  with  a  scale  of  proportional  parts  the 
diftaaces  may  be  readily  constructed  without  ctilculation.     Thus  for  epidote  we  have 

a«.  100  A  101  =  29-  54'; 
ac,  100  A  001  =  64-  37'; 
a'r,  100  A  101  =  51*41'; 
a'/,  iOO  A  201  =  25-  57'. 

Draw  a  circle  with  the  given  radius  (Fig.  1007)  and  measure  off  on  the  circumference 
from  a  (100)  and  a'  (100)  the  successive  augles  given.  Then  join  the  points  so  fixed  with 
tbe  point  0,  the  opposite  extremity  of  the  dhinieter  at  right  angles  to  aPa\  which  is  sup- 
posed to  be  the  position  of  the  eye  in  this  method  of  projection.  The  points  where  theee 
lines  Intersect  the  diameter  aPa'  give  the  position  of  e  (101),  e  (001).  r  (lOl),  I  (201),  to  be 
used  for  tlie  projection  of  Pig.  1008. 

When  the  positions  of  tlie  poles  of  the  orthodomes  of  the  given  crystal  are  fixed  in 
the  diameter  aa'  (Fig.  1008).  and  also  those  of  the  prisms  en  the  circumference  of  the 
circle,  it  is  obvious  that  the  pole  of  any  other  face  can  be  determined  by  drawing  the 
proper  circular  arcs.  Thus  the  arc  010,  101.  010  and  that  110,  001.  110  together  determine 
the  position  of  111.  and  so  on  for  any  pyramid.  Aguin.  the  arc  100,  111,  100  and  010.  001, 
010  determine  the  position  of  Oil.  It  is  to  be  noted,  however,  tlmt  for  sake  of  occuniry  it 
may  be  t)etter  to  fix  the  pole  of  Oil.  or  any  given jclinodome,  independently.  If  (Fig.  1008) 
a  diameter  be  drawn  connecting  &(010)  and  V  (010).  it  is  clear  that  the  angular  distance  hx 
and  hence  Vx  (Vh  =  90°)  cnn  be  obtained  at  once  by  the  solution  of  n  single  right- anglrd 
triangle  in  which  the  hypothenuse  (010  a  Oil  or  in  general  001  a  OA-/)  is  known  Hnd  a'po 
the  angle  at  b — the  last  being  equal  to  90*— a<j.  When  the  point  x  is  known  the  circular 
arc  axaf  determines  the  position  of  Oil,  and  so  in  general  of  nny  rliiodomr.  Fig.  1007 
makes  it  clear  at  once  why,  asstnted  in  Art.  40,  the  tnngent  of  half  the  nrgle  from  the  cen- 
tral point  of  the  sphere  elves  thep'»sition  of  any  pole,  the  radius  of  the  rirrh*  being  tnken  as 
unity.  It  is  Sf»en  here  fPie.  1007)  that  the  actual  angle,  for  example  60-  ft'.  f(»rr  (lOl)at  the 
center  is  one-half  the  corresponding  anirle  ^80*  S*)  at  the  circumference  :  further,  the  di.«tnnce 
V^  is  proportional  to  tan  30**  8'  (tan  I  60*  6').  where  the  radius  /iP  is  equal  to  unity. 

In  the  irielinie  ty$tem  the  spherical  projection  can  be  drawn  by  an  extension  oi  the 
uiethod  just  described  It  Is  assumed  that  the  angles  between  the  pinacoids  are  known, 
ab,  ae,  be  -.  also  the  angles  of  the  triangle  nbe  which  are  the  supplements  of  the  axial 
angles  a,  fl,  y.  In  the  first  place  the  positions  of  a  (100).  b  (010),  and  of  the  prisms  are 
fixed  by  the  protractor  on  the  circumference  of  the  circle.    Now  draw  through  aof  a 


(MM 
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^dlftmeter  and  at  right  anglw  to  this  uioCher  diameter,  meeting  the  dreumfereiiee  lA  tut 
.pointe  B,  B',  90*  irom  a  and  ^,  ▲  circular  aic  diawa  throogb  BB*  and  e  (001|  vH 
cut  the  diameter  oo'  at  a  point  K,  wiioae  distance  from  the  oenter  P  can  be  oalcnklri 
la  a  right-angled  spherical  triangle  in  which  the  hjpothennse  (m)  and  the  adjaoent  aa^ 
at  •  are  known.  Hence  the  ponition  of  K  is  fixed.  Again,  draw  the  dimnetar  W^  aai 
at  right  angles  to  it  another  diameter,  AA',  If  L  is  tlie  point  on  W  where  it  is  col  Iw 
the  circular  arc  through  heif,  the  distance  PL  can  he  shmflnrlj  calculated.  With  K  sal 
L  both  fixed,  it  is  easy  to  draw  aetf  and  bdf,  and  thus  determine  the  poaltl<Hi  of  e.  Afl« 
the  xoue  circles  acaf  and  btV  have  been  drawn,  the  position  of  any  dome  (Ml  or  QM  ess 
be  similnrly  found  by  a  single  calculation,  and  as  the  prisms  luve.  been  fixed  it  is  eai^ls 
locate  auy  required  pyramid. 

Ou  ibe  general  method  of  projection  applicable  to  tridiiiic  crystals,  see  Qtoth,  F^ 
Kryst,  p.  579,  it  9§q,,  and  Liebbch,  Geometr.  Kiyat.«  p.  194  ^9ti. 
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MINERALS. 
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This  Appendix  contaius  a  series  of  tables,  more  or  less  complete,  of  minerals  arranged 
according  to  certain  prominent  crysUillographic  or  physical  cU^^raclers.  These,  it  is 
believed,  will  be  of  service  not  only  to  the  hiudeni,  biii  alM>  to  the  skilled  mineralogist. 
Table  I.,  of  Minerals  arranged  according  to  iSysiem  of  Crystallization,  is  intended  to  emhnice 
all  well-recognized  species,  though  th^se  of  relatively  greater  importuucc,  especially'  as 
regards  occurrence,  are  indicated  by  being  printed  iu  heavier  type.   .    • 

Tne  other  tables  make  no  claim  to  completeness,  being  limited  often  to  common  and 
important  species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowpipe 
and  chemical  characters,  the  student  is  referred  to  tbe  work  of  Professors  Brush  and  Pen- 
field,  mentioned  on  p.  250. 

I.  MINERALS  ARRANGED    ACCORDING   TO   THEIR  SYSTEM  OP 

CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well-recognized  species,  whose  crystalliz- 
ation is  known,  arranged  according  to  the  system  to  which  they  belong,  and  further  classi- 
fied by  their  luster  and  specific  gravity  ;  the  hardness  is  a. so  given  iu  each. case. 

I.  CRYSTALLIZATION  ISOMETRIC* 
A.  Luster  Unmetallic. 


Sp<H:i(ic 

Hard- 

8p<*ciflc 

Hard. 

QrRvlly. 

ness. 

Gravity. 

ness. 

Sal  Ammoniac  (p.  3i9). . 

1  53 

1-5-2 

Arsenolite  (p.  830) 

3-7 

1-5 

Kalinite  (p.  535) 

175 

2-2-5 

Schorlomite  (p.  419) 

3-81-3  88 

7-7  5 

Faujasite(p.  460) 

1-92 

5 

Hercynite  (p.  3:J9) 

3  9-3  95 

7-5-8 

SylTite  (p.  319) 

1-98 

2 

Sphalerite  (p.  291) 

3  9-4  1 

3-5-4 

Halite  (p.  318) 

214 

2-5 

Nani«  kite  (p.  317) 

3-93 

2-2-5 

Hydrophilile  (p.  321)... 

2  2 

Marshite  p.  317)  

5-6? 

8odalite(p.  412) 

214-2-30 

5-5-6 

Alabandite  (p   292) 

3-95-4  04 

85-4 

Analcite  (p.  460)  

2  2-2  3 

5-5-5 

Perovskite  (p.  4H7) 

4  03 

55 

NoteUte  (p.  413) 

2 -25-2 -4 

5-.) 

Berzeliite  (p.  495) 

4-08 

5 

Northupite  (p.  364) 

238 

35-4 

Gahnite  (p.  339) 

40-4-6 

7-5-8 

Hadynite  (p  412) 

2-4-25 

5  5-6 

Pytochlorerp.  489) 

4  2-4-3(5 

^5  5 

Leuciteip.  881) 

2  45-2  50 

5  5-6 

Koppiie(p  489) 

445-4  56 

Lazurite  (p.  413) 

2-88-2-45 

5-55 

Zirkelite(p.  346) 

4-71 

5-5 

Sulpholmlite  (p.  531) 

2-49 

35 

Hatchettolite  rp.  489).... 

4-8-4-9 

5 

Ralstonite  (p.  323) 

2-58 

4  5 

Lewisite  (p  516) 

4  95 

5-5 

VolUiite(p.  537) 

279 

8-4 

Atopite(p.  51«) 

5-03 

65-6 

Langbeiuite  (p  523) 

2-83 

Percylite.  Boleite  (p.  322) 

508 

2-5 

Zunyite  (p.  414) 

2-87 

7 

Mau/.eliile  (p.  516) 

5-11 

6-6-5 

Pollucite(p.  382) 

2-90 

65 

Manganosite  (p  332) 

518 

5-6 

Boracite  (p.  518) 

2-9-3 

7 

Scnarmontite  (p.  330) 

5- 2-5 -3 

2-2  5 

Pharmacosideri  te(  p.5 1 3) 

2  9-3 

25 

Embolite  (p  319) 

5-3-5  4 

1-1-5 

Nitrobarite  (p.  517).    . . . 

3-2 

Oerargyrite  (p.  319).. 

6-55 

1-1-5 

Fluorite(p.  320) 

3  2 

4 

Mier8ite(p.  319) 

5-6 

Helvite(p.  414) 

8  1^3 -36 

6-6  5 

'  Microlite  (p.  489) 

5-5-61 

5  5 

Garnet  (p   415) 

8-3-43 

6-5-7  5 

lodobromite  (p.  319). . . . 

5-71 

1-1-5 

Rhodizite(p.  518) 

8-4 

8 

Bromyrite(p  319) 

5  8-6 

2-9 

Danalite  (p.  414) 

8*48 

5-5^ 

Cuprite  (p.  831) 

5^5-615 

85-4 

Hauerite  (p.  301) 

846 

4 

Bulytit6(p.  414)  

611 

4-5 

Diamond  (p  271) 

8  52 

10 

Bunsenite(p.  882) 

64 

5-5 

SpineKp  888) 

8-&-41 

8 

Monimolite  (p.  496) 

6-58;  7-29 

fiH« 

Periclase  (p.  881) 

8  67 

6 

*  Some  paeudo-toometrio  species  are  here  included.    Speoiee  with  submetalUc  lusler  are  phused  under 
B,  but  seme  speciee  are  included  ia  both  liata. 
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B.  LuBTBR  Metallic  (and  Submbtaluo). 


•  •  • 


Hauerite(p.  801) 

Sphalerite  (p.  ^^91)... 
AlabHiKiite(p.  292)... 

CubHuile  (p.  297) 

DysaDnlyte  (p.  488) 

BiuniiiU'  (p.  815) 

Chroinite(p.  341) 

Biuuite(p.  308) 

Tennantite  (p.  313) 

Tetrahedrite  (p.  312).. 
Mttgnesioferiite  (p.  341). 

PenUandite  (p.  293) 

Polydyinlte  (p.  296) 

Jacobsite  (p.  341) . . 

Sychuodynnte  (p.  296). . 

LinnaBite  (p.  297) 

Carrollile  (p.  297) 

Bixbyite  (p.  343) 

Pyrite(p.  300) 

Franklinite  (p.  341) 

MagneUte  (p.  839) 

Boniite(p.  297) 

Gereclorfflte  (p.  302) 

Cuprite  (p.  831) 

Brou^niardite  (p.  309)... 

Corynite(p.  302) 

Ar^yrodile  (p.  316) 

OobalUte(p.  301) 


Specific 
Gravity. 


3 -46 

89-41 

395-4  04 

40-41 

413 

4-3-4-52 

4-3-4 -57 

4-6 

4-4-4-49 

4-4-51 

4  •57-4-65 

46 

4'5-4-8 

4-75 

4-76 

4-8-5 

4-85 

4-95 

4  95-5  10 

507-5-22 

5-18 

49-54 

5.6-6-2 

5-85-6-15 

595 

5 -95-6  03 

6-1-6-2 

6-68 


Hard- 
Deiw. 


4 
3-5-4 
8-5-4 
4 

5-6 

4 

6-5 

2  5-3 

3-4 

3-4 

6-6-5 

3-5-4 

4-5 

6 

5-5 

5-5 

6-6-5 

6-65 

6-6-5 

6-6-5 

3 

5-5 

3-5-4 

8-5 

4-5-5 

25 

5-5 


CaDfieldite  (p.  816) 

Ullmaniiite  (p.  802) 

Smaltite,  Cbloanthite 

(p.  801) 

Skirtterudite  (p.  807). . . . 

Wiilyumite  (p.  802) 

Polyargyrite  (p.  315). . . 

Luurite  (p.  302) 

Argentite(p.  288) 

Iron  (p.  281) ,  ... 

Oalena  (p.  287) 

£ucairite(p.  289) 

Metacinuabarite  (p.  292). 

Clausthaliie  (p.  288) 

Naumaunite  (p.  288). . . . 

Allaite  (p.  288) 

Tieiimuuite  (p.  292) 

Uessite  (p.  289) 

Copper  (p.  278) 

Uraninite  (p.  521) 

Silver  (p.  278) 

8i»€rrylit«  (p.  802) 

Lead  (p.  279) 

Palladium  (p.  281) 

Amalgam  (p.  279) 

Platinum  (p.  280) 

Gk)ld(p.275) 

Iridiuin  (p.  280) 


SpeciOc 

1 

Hani. 

GraTiiy. 

1 

1 

■***• 

6-28 

2-5-S 

6-2-6-7 

5-55 

•    6-4-66 

5-5^ 

6-7-6  86 

1 

6 

6-87 

5-5 

6-97 

2-5 

7  0 

7-5 

7  2-7-36 

'    2-25 

7-3-7  8 

4-5 

74-7-6 

25-^ 

7-5 

2-5 

78 

8 

7-6-8-8 

2-5-S 

80 

2-5 

8-16 

8 

8-2-8-5  i 

2-5 

8-3-8-9 

2-54 

88-8-9 

2-54 

9-97 

5-5 

lO-1-ll-l 

2-54 

10-6 

6-7 

11-4 

1-5 

11  3-11-8 

45-^ 

13-7-141 

8-8-5 

14-19 

4-45 

15-6-19-3 

254 

22  6-22  8 

6-7 

II.     CRYSTALLIZATION    TETRAGONAL. 
A.  Luster  Unmetallic. 


Mellite  (p.  542) 

Danipskite  (p.  517) 

Apophyllite  (p.  452). . . . 

Lftweitc  (p.  535) 

Ecd«Mnite  (p   516) 

Saroolitf  (p.  426) 

M  tr'aliU*  (p   4*26) 

Mizzoiiite  iDipyrc).  (42r>) 
Wernerite      (Scupolite), 

(p    lern 

Meionite  (p.  425) 

EdiniTionitr  (p   460)    .  .  . 

(^hiclife  .p.  :\2\)   

Mclilite(i>.  42i\)   

Grhlcnitr  (p.  427) 

Mrliplinnite  (p.  407)  . .  . 

ScllMiic   p.  321)    

Z«*uncrit('  (p.  515) 

Pinnoitf  (p.  520)   

Vesuvianite  {p.  428). . .  . 


1-64 


2-2-5 


23-2-4 

4-5-5 

2-3« 

2-5-3 

6-i^7-i 

25-3 

2  54-2-93 

6 

2-57 

5-5-6 

2  62 

5-5-6 

2r>6-2  73 

5  5-6 

2-7()-2-74 

5  5-6 

2  70 

4-4-5 

2-84-2  99 

3  5-4 

2  9-3  1 

5 

2-9-3  1 

5-5-6 

301 

6-5-5 

2  97-3- 15 

5 

3-2 

2-2  5 

3  27-3  37 

3-4 

3-35-3  45 

6-5 

Torbernite  (p.  516) 

Trippkeite  (p.  516) 

Octahedrite  (p.  846) 

Rutile(p.  345)  

Xenotime  (p.  494) 

Powellite  (p.  541) 

Thorite  (p.  430)    

Frrcnsonite  (p.  490)  . . . . 

Zircon  (p.  428) 

HoiiH'ite  (p.  516) 

Sipylitc  (p.  490) 

G.MMomjiliie  (]>.  408) 

Scheelite  (p.  540) 

PhoBgenite  (p.  364) 

Calomel  (p.  317)     

Wulfenite  (p.  541) 

Cassiterite  (p.  344) 

Matlnckitc  (p   322) 

Tiipiolite  (p.  492) 

Siolzite 


34r4-6 

2-25 

3-8-3-95 

55-6 

4-18-4-25 

6-6-5 

4-45-4-56 

4-5 

4-53 

3  5 

4  4-5  4 

4-5-5 

4  4-5H 

5-5-<; 

468-4-7 

7-5 

4-71 

5-.5-r> 

4  .^9 

<; 

5-74      1 

3 

5-9-6- 1 

4  -5-5 

6-6  09 

2  75  3 

6  48 

1-2 

6-7-7  0 

2  75-3 

,    6  8-71 

6-7 

7.0 

2-5-3 

7-36-7-5^ 

6 

.  7-87-b-13 

2-75-^ 
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B,  Luster  Metallic  {ajxv  Submetaluc). 


^pyrite  (p.  297). . . 

•  (p.  345) 

ibouite  (p.  490) 

inannite(p.  842)... 
lite  (p.  343). 


Specific 
Gravity. 


4  1-4-8 

4-4-5-8 
4 -7-4 -86  I 
475-4  82' 


Hard- 
uess. 


8-5-4 
6-6*6 
5-5-6 
5-5-5 
6-6-5 


Poliauite(p.  845) , 

Reinite(p.  542) 

Uuucbecoruite  (p.  295), 

Tapiolileip.  492) 

Plattuerile  (p.  846) 


Specific 
Qrayity. 


4-84-60 

6-6  4 

6-4 

7-86-7-5 

8-5 


Hard- 
ueas. 


6-6-5- 

4 

5 

6 
5-65 


III.     CRYSTALIZATION  HEXAGONAL.* 
Rhombobedi'Hl  species  are  distiDguisbed  by  a  letter  R. 
A.  Luster  Unmktallic. 


.881) 

isite?  (p.  637) 

igite  (p.  538) 

nasite  (p.  483) .... 
inite  (p.  459)  U. . . . 
Ill  bite  (p.  535)  R.  . 

ie(p  536)  R 

lasite  (p  458j  R 

lite  (p.  459)  R 

>Depbe1ite?(p  463). 

alter  (p.  51 7)  R 

mite  (p.  3-38) 

te(p.  851)R 

-inite  (p.  411) 

M>mniite  (p.  411). 
)liilite  (p.  410)  ... 
osi<lerite?(p.536)R 

olliue  (p.  637) 

ophyllite(p.511)R 

BUte(p.  409) 

lite  (p.  530) 

latrilerp.  536)  R.. 

te  (p.  369)  

litalite^p  523)  R.. 

»(p.  324)  R 

(p.  405) 

plite(p.  410) 

te  (p.  537)  R 

nite(pfM»ii.)fp.474)R 

e(p.  354)  R  

inn  (p.  530)  

leiile  (p.  407) 

lite  (p.  a57)  R  ... 
lite  (p.  510)  R  .... 
Ivte  (p.  407)  R... 
rite  (p.  35S)R  .  .. 
icite(p.  423 i  R.  ... 
aaline  (p.  447)  R  . 
is\ie  (p  358)  R..  .. 
ma]ite(p.  424)  R. . 
jlite  (p.  424)  R... 
plite  (p.  530)  R... 
te(p.  497) 


09 
1-75 
1-75 
1-88 
204-217 
2-09 

208-216 
209-216 

2  26 

2-26 
2  28-2  33 
2 -38-2 -4 
2-42-2-5 

2-44 

2-49 

2-50 

2  53 
2-44-2-66 
2-55-2-65 

2-56 

2-56 

2-57 

264 

265 

2-64-8-7:2  80i 

2-67 

2-67      ' 

2-6-2-85 

2-71 

2-74 

2-8 

2 -8-2 '9 

2  89 
291-293 
2  95-3  1 
2-97-30 
2-98-3-20 
30-312 
306-319 

3  07 
3-14 

817-3-28 


1-5 

2 

2-2-5 

85 

4-5 
2-2-5 

4-5 
4-4  5 
4-5-6 
1-5-2 

7 

2-5 

5-6 

6 

6 

4-4-5 

2-5 

2 

65-6 

3-3-5 

2 
5-5-6 
8-35 

7 
7-5-8 

8-5-4 
2-25 

3 
2-3 

6 
3-5-4 

5k5-5 

8-5-4 

7-5-8 

7-7-5 

3-5-4-5 

4-45 

4-5 

2 

5 


I 


Jarosite  (p.  587)  R 

Raimoudite  (p.  586) 

Hamliuite  (p.  508)  R. . . . 

Pyrochioite  (p.  851)  R. 

Jeietuejevite  (p.  518). . . 

Dioptaae(p.  424)  R 

SvaubeiMite  (p.  516)  R.  . 

CroDStedtite  (p.  475)  R.. . 

Hi  matolile  (p.  507)  R.    . 

Coiinellite  (p.  580) 

MesititeCp.  369)  R 

Rhodochzosite  ,859)  R. . 

8\abiie(p.  601) 

Siderite(p.  359)  R 

Rbabdopbaiiite(p.509)R. 

Wiiiizite(p.  295) 

Corundum  (p.  383)  R. . . 

Willcmite  (p.  422)  R.... 

8pla?ioc(biiltite(861)R.. 

Mclaiioceiite  (p.  407)  R.. 

Tritomite  (p.  407)  R... 

KordeDskiOldiDe  (518)  R. 

Caryoctrite  (p.  407)  R... 

Parisite(p.  864) 

Smithsosite  (p.  360)  R. . 
Beudantite  (p.  516)  R.  . 
Plumbogumniite?  (p.514) 
Cappelcnite  (p.  407). . . . 

Oreenockite  (p.  294) 

Hematite  (p.  334)  R 

Xatitbocooite  (p.  815)  R. 

Zincitefp.  332) 

ProuaUte    p.  811)  R 

lodyrite  (p.  319) 

Fluocerile(p.  322) 

Pyrargyrite  (p.  811)  R. . 

Peiifielilite(p.  322) 

Baryailite  (p.  408) 

Ty8()nile(p.  321) 

Pyromorphite  (p.  499) . 

Vanadimte(p.  500) 

BfimeUte(p.  500) 

Cinnabar  (p.  298)  R.... 


820 

8-20 

8-28 

8-26 

828 
8  28-8-85 

8  80 

835 

885 

386 
838-3-42 
8  45-8  60 

3  52 

3  88-3  88 
3-94-4  01 

898 
8  95-4  10 

3  94-4  19 

4  02-4  13 
418 

4  20      I 
4  20 
4-29      i 

4  86 
4-80-4  45 

4-4-8 

4-4  9 

4-41 
4  9-5  0  I 
4-9-5  3 

5-5-2 
5-4-57 

5-6 
5-6-57 
57-59 

5  85 

6-11 

6  13      ; 
6  5-71 

6-66-6-86 
7  0-7-25 
8  0-8-2  '■ 


2-5-8-5 

8 

4-5 

2-5 

6-6 

5 

5 

85 

85 

8 

3-5-4 

85-4-5 

5 

8  5-4 

85 

8-5-4 

9 
5  5 
4 
6-6 
55 
56-6 
5-6 
4-5 
5 
3-5-4-5 
4-5 
6-6-5 
8-8-5 
5-5-6-5 

2 
4-4  5 
2-2-5 
1-1-5 

4 
25 

3 
4-5-5 
3-5-4 

3 

3-5 

2-2-5 


*  Some  pseudo- hexagonal  species  are  included. 
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Graphite  (p.  273)  R... 
Cbalcopluuiite  (p.  352)R. 

Ilmeniterp  336)  R 

CoveiliH-  (p.  294) 

Pyrrhotito  (p.  296) 

Molybdenite  (p.  285). .. 
L&iigl)Mnile  (p.  446)  . .. . 
HemaUte  (p.  334)  R  ... 
MiUerite  (p.  295)  R.... 
Anenic  (p.  274)  R.   . . .  . 


Specific 

Hard- 

Gravity. 

ness. 

2-1-2-3 

1-1-5 

3-91 

25 

4-5-5 

5-6 

46 

1-5-2 

46 

3-5-4-5 

4  7-4-8 

1*1-5 

4«2 

6-5 

5-2-5-3 

5-5-6-5 

5-3-6  65 

8-8-5 

66-57 

35 

Pjrrargyrite  (p.  311)  R.. 
Tellnriam  (p.  275)  R. .  . 
Allemontite  (p.  275)  R... 
Antimony  (p  275)  R. . . 
Teti-advniiie  (p.  284)  R.. 

Niccolite(p.  295) 

Breithuuptite  (p.  296). . . 
Cinnabar  (p.  293)  R  . . . 

Bismuth  (p.  275)  R 

Iridosmine  (p.  280)  R. .. 


IV.    CRYSTALLIZATION  ORTHORHOMBIC. 
A.  Luster  Unmetallic. 


Teschemacberite  (p.  864) 
Tbunuoiiatrite  (p.  366).. 

Cnrnnllilelp   32'i) 

8truvite(p  507) 

Epsomiie  (p.  533) 

Mascjigniif  (p.  523) 

Nestjuehonile  (p.  366)... 

Gosluritc  (p.  533) 

Morenosite  (p.  533) 

Sulphur  (p  -^73) 

Llnclju'kLTite  (p.  516) 

Nev\  beryite  (p.  510)  . . .. 

Niter  (p.  517) 

SideroDatrite  (p.  537).. ». 

Fhiellile  (p.  322) 

Natrolite(p.  461) 

Okeiiiie?(p.  452) 

FelsObanyite  (p.  537).... 
Thomsonite  (p.  462). . . . 

WaveUite  (p.  512) 

Hambergite  (p.  518). . . . 

Pirssonile  (p.  366) 

Sulfoborite  (p.  521) 

Piscberite  (p.  512) 

Peganite(p.  512) 

Elpidite  (p.  407) 

Howlite  ?  (p.  519) 

Prehnite  (p.  442) 

Anhydrite  (p.  528) 

Aragonite  (p.  361) 

Spodiosite?  (p.  502) 

Leucopbanite  (p.  407)... 

Danburite  (p.  430) 

TVrolite(p.  511) 

Harsiigite  (p.  442) 

Reddiugite(p.  508) 

BertraDdite  (p.  446) . . . . 

Lantbaoite  (p.  866) 

IoUte(p.  407) 

Thenardite  (p.  628) 

Hopeite  (p.  507) 

PhosphoBlderite  (p.  510). 


145 
15-1-6 

1-6 
1-65-1-7 

175 

1-77 

1  84 
1-9-2-1 

20 

2-07 

20-25 

2-10 

2-09-2-14 

2  15 
217 

2-20-2-25 

2-28 

238 
2-3-2-4 

2-33 

2  35 

2  35 
2-38-2-45 

246 

2-50 
2-52-2-59 

2-55 
2-8-2-95 
290-2-98 

2-94 

2-94 

2-96 

2-97-3-02 

80-3-1 

3-05 

810 

2-6 

2-6 

2-6-2-66 

2-68-2-69 

2-76 

2-76 


1-5 
1-15 
1-15 

2 

2-2  5 

2-2-5 

2-5 

2-2  5 

2-2-25 

1-5-2-5 

2-2  5 

3-3-5 

2 
2-2-5 

3 
5-5  5 
4-55 
1-5 
5-5-5 
35-4 
7-5 
8-35 
4 
5 
8-3-5 
6-5-7 
3-5 
6-6-5 
3-3-5 
35-4 
5 
4 
7-7-25 
1-5 
5-5 
8-8-5 
6-7 
2-5-8 
7-7-5 
2-8 
25-5 
8-75 


Talc  (p.  479) 

Beryllonite  (p.  496) 

Haidingeriie  (p.  510). . . . 

Streiigite  (p.  510) 

Lawsonile  (p.  447) 

Humite  (p.  443) 

AnthophyUite  (p  398).. 

Andalusite  (p.  432) 

EnsUUte  (p.  384) 

Autunite  (p.  515) 

Mouiicellite  (p.  422) 

Eospborite  (p.  514»  

Cbildrenile  (p.  513) 

SiUimanite  (p.  438) 

Scorodite  (p.  509) 

Lossenite  (p.  516) 

Forsterite  (p.  422) 

Dumortierile  (p.  449). ... 
Kornerupine  (p.  451)  . . . 

Zoisite(p.  487) 

Dufrenite  (p.  506) 

Chrysolite  (p.  420) 

Warwickite  (p.  518) 

Eucbroite  (p.  511) 

Astrophyllite  (p.  487). ... 

Diaspore  (p.  848) 

NHtrophilite  (p.  496)  . ... 

Cenosite  (p.  488) 

Gerhard  tile  (p.  617)  ... . 
Hypersthene  (p.  885). .. 
UranospiDite  (p.  615) 
Guarmite  (p.  487). . . . 
Calamine  (p.  446). . . 
Litbiophilite  (p.  496). 
Topaz(p.  481)....  .. 

Langite(p.  586) 

UniDocircite  (p.  515). 
TriphyUte  (p.  496) . . . 
Epididymite  (p.  869).. 
Mazapilite(p.  514).,-. 
Hemafibrite  (p.  511) . 
Chririob^ryl  (p.  843) 


•  *  *  • 


•  •  • 


Speciflc 
OraTitj. 


685 

6-1-6-8 

6-2 

67 

7-2-7-6 

7-3-7-67 

7-54 

8-0-8-2 

9-7-9-8 

19  8-211 


dard- 

DMS. 


35 
3-3-6 

8-5 
8^-5 
1-5-8 
5-6-5 

55 
3-2-5 
2-2-5 

6-7 


9-7-2-8 

1-1-6 

2-84 

6-5-6 

2-85 

1-5-3-5 

2-87 

8-4 

8-08 

7-5^ 

81-32 

ft-«-5 

3-1-82 

6-5-6 

816-8-2 

7-5 

8-15-3-8  i 

5-5 

8-05-819: 

2-2-5 

3-03-3-25; 

IW-5 

3n-315 

6 

8-ia-3-24 

4-6-5 

8-24 

6-7 

81-3-8 

8-5-4 

.  .  • 


o  •• 


8-2-8-88 

8-26 

8-27 
8-26-8-37 
8-23-8-4 
8-27-8-87 

8-85 

8-89 
8-8-8-4 
8-3-35 

8-41 

8  41 

8-48 
8-4-8-5 

8-46 

8-49 

8-4-8-5 

8-4^8-66 

8-4-8*65 

8-49 

8-58 
8-62-8-56 

8-66 

867 

8-50-8-65 

8-5-8  8 


6-7 

7 
66 
6-6-5 
8-6-4 
66-7 
&-4 
8-5-4 

8 

6-5-7 

4-6-6 

5-5 

2 
6-5 
2-8 

6 
4-5-6 
4-5-5 

8 
3-5-8 

4-5-5 
5*5 
4-5 
8 

8-5 
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A.  Luster  Unmbtallio 


Ardeniiite  (p.  445) 

I«il>ethenita  (p.  504) 

8UaroUte(p.  430) 

StronUaniU  (p.  362) 

BroMilile  (p.  M2) 

Ataeamite  (p.  322) 

Uranophniie  (p.  483) 

Fiiiikiie(p.  5'J6) 

8«rpiente  (p.  536)  

Brochantite  (p.  530) 

Brookite  (p.  347) 

Pinakiolile  (p.  518) 

OelesUtalp.  526) 

Ludwigile  (p.  518) 

Kuebelite(p.  422) 

Tephroite  (p.  422) 

CarmiMiie  (496)  

adthite(p.  349) 

Fayalite  (p.  422) 

Oliveniie  (p.  504) 

Witherite(p.  362) 

Adamite  (p.  505) 

Barite(p.  524) 

Derbylite(p.  516) | 


Specific 

Hard- 

Gravity. 

uew. 

3  62 

6-7 

36-3-8 

4 

3-65-3-75 

7-7  5 

3-68-3-71 

3-5-4 

8-72 

4-4-5 

376 

a-3-5 

3-81-3-9 

2-3 

3  87 

4-45 

3  91 

35-4 

3  87-4  07 

55-6 

3-88 

6 

3-95-3-97 

3-35 

8-91-402 

5 

3-9-I1 

65 

4-4-12 

5  5-6 

4-105 

2-5 

4  0-4  4 

5-5-5 

4-414 

6-5 

4  1-4-4 

3 

4-3-4-35 

3-3-75 

4-34-1-35 

3-5 

4-5 

2-5-3-5 

4-53 

5 

Pseudobrookite  (p.  843) . 

EuxeDile  (p.  493) 

Ceriie(p.  447) 

iEschyuite  (p.  493) 

Polycrase  (p.  493) 

Coiunuite(p.  321) 

Vulentiuiie  (p.  380) 

Samankite  (p.  492) 

Yttrotantalile  (p.  492)... 
Melau(Hekite(p.  446). . . . 

AnnerOdite  (p.  49:{) 

PhoBnicocbroite?  (p.  529) 

Tellurite  (p.  330) 

Descloiziie  (p.  505) 

Kenlrolite  (p.  446) 

Angleaite  (p.  527) 

Piicberite  (p.  496) 

Oaledonite  (p.  580) 

Daviesite  (p.  322) 

Laurionile  (  p.  322). . . . 

Cerussite  (p.  363) 

Nadoriie  (p.  516) 

Ochro]ite(p.  616) 

MendipiteCp.  322) 


Specifle 
Qraviiy. 


4-39-4  98 

4-6-5 

4-86 

4  93;  5 17 

4-97-504 

5-24-5-8 

5-57 

5-6-5-8 

5  5-5  9 

5-7 

5-7 

5-75 

5-9 

5  9-6  2 

6  19 

6-12-6-39 

625 

6-4 


6-46-6-57 
7  02 

7-7  1 


Hard- 
ueas. 


6 
6-5 
56 
5-6 
5-6 

2 

25-8 

5-6 

5-5-5 

6-5 

6 
8-8-5 

2 
85 

5 
2  75-8 

4 
25-8 

3-8-5 
3-3-5 
8-5-4 

2-5-8 


B.  Luster  Metallic  (and  Submetallic). 


Brookite  (p.  347) 

nvaite  (p.  445) 

Stern bergiie  (p.  290) 

Manganite  (p.  349).   . . . 

Bnargite(p.  315) 

8Ubnite(p.  28:^) 

Fnniaiiniie  (p.  315) 

Klaproiholiie  (p.  808). .. 
Witiicheniie(p.  310).... 

EuxeDile(p.  493)  

Chalcostibiie  (p.  308).... 

Pyrolusite  (p.  347) 

Poly ni ignite  (p.  493). . . . 

Stylotypite  (p.  310) 

Marcasite  (p.  302) 

uEscbinilc  (p.  493) 

Zinkenite  (p   307) 

Andoritr  f p.  30S)  

8nrlorite(p.  308) 

Ooluinbite(p.  490) 

Sundtile  (p.  308^ 

Dufrenoysite  (p.  309). . . 

Ohalcocita  (p.  290i 

YttrotaDtalite  (p.  492)... 

Jameaonite  (p.  808) 

AnnerOdite  (p.  498) 

MelftDOtekite  (p.  446).... 


3-87-4-07 

40-4  05 

4-1-4-2 

4-2-4-4 

4-43^-45 

4-5-4-6 

4-57 

4-6 

4-5-5 

46-5 

4-75-5 

4-73-4-86 

4-77-4  85 

4-8 

4  85-4-9  ' 
4-93;  5-17 

5  3^  35 
5.34 
5-39 

586-6-0 

55 

5-55 

5-5-5-8 

5  5-5-9 

5-5-6  0 

67 

6-T 


5-5-6 

5-5-6 

1-1-5 

4 

3 

2 

35 

2-5 

3-5 

6-5 

3-4 

2-2-5 

65 

3 

6-65 

5-6 

3-3  5 

3 

6 
3-4 

3 

2-5-8 

6-5-5 

»-8 

6 
<-5 


Boomonite  (p.  310) 

Boulangeriie  (p.  309).. . . 

Hielmiic  (p.  493) 

Dinphoriie  (p.  309) 

Glaucodot  (p.  304) 

Arsenopyrite  (p.  -303)... 

Keolrolitc  (p.  446) 

Aiki:iiie(p.  310) 

Sironieyerite  (p.  290;. ... 

Stephanite  (p.  314) 

Guuuujuntile  (p  2^4).... 

Geocronile  (p.  314) 

Wolfuchite  (p.  304) 

Emplectite  (p.  308) 

Meneghiuile  (p.  313) 

Bismuthinite  (p.  284)... 

Sdmpbucbite  (p.  309) 

Allodasite  (p.  304) 

Cosalite  (p.  309) 

Nagyagite  (p.  305) 

Kaiuiuelsbergite  (p.  304). 

Safflorite(p.  804) 

TantaUta  (p.  490) 

L6llingite(p.  803) 

Acanthite  (p.  290) 

Kreunerite  (p.  805) 

Dyioraiite  (p.  288) 


5  7-5-9 
5-75-6-0 

5-82 

59 

59-60 

5-9-6-2 

6-19 

0-1-6-8 

6-15-6  3 

62-6-3 

6  25-6  6 

6-3-6-45 

6-37 

6:J-6  5 

6-4 

6-4-6-5 

6-43 

6-6 

6-4r-6-75 

6  85-7-2 
6  9-7-2 
6-9-7  8 

7-7-3 

7-0-7-4 

7-2-7-8 

885 

9  4-9-8 


25-8 
2-5-8 

6 
2-5-8 

5 
5-5-« 

5 
2-2-5 
2-5-8 
2-2-5 
25-8-5 
25 
4-5-5 

2 

2  5 

2 

8  5 

4-5 

2-5-8 

1-1-5 

5-5-« 

4-5-6 

6 
5-66 
d-9-6 

8-6-4 
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V.    CRYSTALLIZATION  MONOCLINIC. 
A    Luster  Unmetallic. 


Natron  (p.  366) 

Mirabilite(p.  581) 

Whewellite  (p.  542) 

Siercurile  (p.  510) 

Aluiiiiniie  (p   537) 

Aluuogeu  (p.  535) 

Borax  (p.  520) 

Boussingauliite  (p.  585).. 

Apjolmitc?  (p.  535) 

Kibroferr.te?(p.536).... 
Melanterite  (p.  534). . . . 

HHloiricliiie?(535) 

Pickeriiigile  (p.  535). . . . 
Hydmbonuite  (p.  521)*.. 
Gay-lusaite  (p.  366).... 

Kr5linkile  (p.  536) 

Diadochile  (p.  516) 

BolryogeD  (p  587) 

Murdfiiite  (p.  453) 

Kainite(p.  530)  

Queteuile?  (p.  538) 

Copiiipite  (p.  536) 

Tronu(p.  367) 

PicroiiK'iiie  (p.  535) 

CasUiiiitH  (p.  530) 

Qut'Dstedtiie  (p  535). . . . 

Heititziiu  .  p.  520) 

UydroniHgni'siie  (p.  367). 

SUlbite  (p.  456) 

8colecite(p.  462) 

Brushite  ip.  510) 

Heulandite  (p.  454) 

Darupskiie  (p.  517) 

Phillipsite  (p.  455) 

Mesolite(p.  462) 

Blodite  (p.  535) 

Epislilbiie  (p.  454) 

Gisiiumdile  (p.  457) 

Laumontite  (p.  457). . . . 
Mel;il)ni8lnte  (p.  510).. . . 
Well  si  If  (p  455) 


Specific 
Gravity. 


Gypsum  (p  531) 
Gibbsitc  (p.  351) 


PeUUte(p.  ;i69) 
C<»UMnanite  ^p.  519).    . . . 
HHUit'feuiilite  ^p.  508) .. . 

Brews! I'Hte  (p.  454) 

Harmotome  (p.  456) 

Hoein«'8'ie  (p.  508) 

Wnppleritc?  (p.  510) 

Serpentine  ([>.  476) 

Ciil-  io  erriii-  (p.  514). . . . 

Eudi.lvmite(p.  369) 

Orthoclase  (p.  370) 

Kh'8€riie(p.  531)  ... .... 


1-44 
1*48 

1-615 

1-66 

l-6-r8 

1-69-1 -72 

1-70 

1-78 

1-84 

190 
1-9-2  0 

1-9-2  0 

1-94 

1-98 

2035 
2  04-2  14 

208 
207-219 
2  08-2  14 

210 

2  12 
21-2  2 

212 

212 

213 

216 
2-16-2  20 
216-2-4 

2-21      I 
218-2-22 

2-20 

2-2-24 

2-25 

2-25 

2-26 
2-25-2  36 

2-29 
2-28-2-37 
2  31-2-33; 
2-3-2  4  ! 
2'39-2-46 

2  42 

2  435 

2  45 
2  44-2-5 

2-47 

2-48 
2-50-2-65 
2-52-258 

2  55 

2  57 

2  67 


Hard. 

oess. 


1-1-5 
1-5-2 

2-5 
2 

1-2 
1-5-2 
2-2-5 

1-5 

2-2  5 

2 


2 
2-3 
2  5 

8r 

3-4 

3 

25 

2-5-3 

3 

2-5 

4-5 

35 
3-5-4 
5-5  5 
2-2  5 
3-5-4 

2-3 
4-4  5 
5 

2-5 
4-4-5 

45 
3-5-4 
25-3 
4-4-5 
1-5-2 
2-5-3-5 
6-6-5 
4-45 

2-5 
5 

4-5 

1 

2-2-5 

2  5-4 

25 
6 
6 

8-3-5 


Specific 
OraTity. 


Vivianlte  (p.  508) 

Syngenite  (p.  534) 

KaoTinlte  (p.  481) 

PburuiHColite  (p.  510)... . 
OUnochlore  (p.  473). . . 

PectoUte(p.  395) 

Augelite(p.  518) 

Glauberite  (p.  528) 

Polybftlite?(p.  585) 

Muscovite  (p.  464). . . . 

LepidoUte(p.  467) 

BioUte  (p.  467) 

Phlogopite  (p.  469) 

Prochlorite  (p.  475) 

Hyalopbaue  (p.  873) .... 
Gauopbvllite  (p.  452). . . . 

ZiDiiwafdite  (p.  467) 

Cuspidiue  (p.  442) 

Liroconite  (p.  514) 

Wollastonite  (p.  394). ... 
P3rrophyUite  (p.  482). .. 

Prusopile  (p.  323) 

Conindophiliie  (p.  475).. 

Isoclasile?  (p.  511) 

Caipliolitc(p.  447) 

DatoUte  (p.  435 

Pacbuoliteip.  328) 

Iliomseuolile  (p.  323). . . 

Cryolite  (p.  821) 

Mosandrile  (p.  487) 

Brythrite{p.  509) 

Syniplesiie  (p.  508) 

CubrerilcMp.  509) 

BerniiDite  (p.  518) 

Hcrderile  (p.  503) 

Margarita  (p.  470) 

Amphibole  (p.  399).   . . . 

Lazulite(p.  506) 

Wjignerile  (p.  502) 

Xautbopbylliie  (p.  471).. 

Seyberlile  (p.  471) 

K(')ttigiie  (p.  509) 

Euclase  (p.  436) 

Glaucophane  ( p  408) . . . 

Ludlaniiie  (p.  513) 

Herreiigiundile  (p.  536). 

Chiirchite  ?  (p.  509) 

Ohondrodite  (p.  443). .. 
CUnohumite  (p.  443). . . . 

PioWctite  (p.  443) 

Spodamene  (p.  398) 

Iliireauliie  (p.  510) 

Jolmnnite  (p.  588) 

Pyroxene  (p.  387). . . . . , 
Neptuuite  (p.  487).... . . 


HanL 


2-58-2-68 

260 
2  6-2  63 
2  64-2-78| 
2-65-2-78' 
2-68-2-78! 

27 

2  7-2  85 

2-77 

2  76-8 

28-2-9 

2  7-8  1 

2-78-2  85i 

2  78-2-96! 

2-805 

2*84 

2-82-8-20 

286 

288 

28-29 

2  8^2-9 

289 

2-90 

2  92 

2  98 

2  9-8-0 

29&-8 

2  98-8 

295-8 

298-3 

2  95 

296 

2  96 

2  98 

2  99-8  01 

2-99-3  08 

2  9-3  4 

306 

307 

8-09 

8-3  1 

8-1 

8-10 

8.10-3-11 

812 

313 

8-14 

8-1-8-2 

8-1-32 

818-^2 

8185 

8199 

8-2-8-6 

8  23 


1-5-8 

2-5 
2-2-5 
2-2-5 
»-2-5 

5 
4-5-5 
2-5-S 
2-5-a 
2-2-5 
2*5-4 
25-» 
25-S 

1-2 
6-6-5 
4-4-5 
2*5^ 

5-6 
2-2*5 
4-5-5 

1-2 

4-5 

2-5 

1-5 

5-55 

5-5-5 

8 

2-« 

2-5 

4 

1-5-2  5 

2-5 
2 

5 

8&-45 

5-6 

5-6 
5-5-5 

4-6 

4-5 
2-5-S 

7  5 
6-6*5 

a-4 

2*5 
a-85 
6-6-5 
6-65 

6-5-7 

5 
2-25 

5-« 
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A.  Luster  Unmbtallic. 


Jobnstrupite  (p.  487). ... 

Epidoie(p.  438) 

Bosenbuschite  (p.  395). . 

TrOgerite  (p.  515) 

Oltrelile?«p.  471) 

CliDoliedrite  (p.  447). . . . 

Jadeite  (p.  393) 

Homilite(p.436) 

Dickinsonite  (p  507). . . . 
Piedmontite  (p.  440). . . . 

WOblerite  (p.  395) 

Sappliirine  (p.  451) 

Riel)cckitc  (p.  404) 

Fillowiie  (p.  507) 

Tripliie(p.  50:3) 

Orpiment  (p.  282) 

Rinkite  (p.  487) 

Arfvedaonite  (p.  405). .. 

8ynadelphite  (p.  506) 

Titanite  (p.  485) 

Acmite  (p.  391) 

Veszel^'ite  (p.  511) 

L&vepite  (p.  395) 

Ohloritoid?  (p.  471).... 

EeilhauUe  (p.  487) 

Dietzeite(p.  517) 

Triploiditecp.  502) 

Realgar  (p.  282) 

BarytocalcUe  (p.  364).... 
Adelite.  Tilasite  (p.  502). 
Chalcoinenite  (p.  538). . . 


Specific 
Qravity. 


8-29 
8-25-3-5 

33 
3-3 

3  8 

3  33 
3  33-3-35 

3-38 

334 

840 
8-41-3  44 
8  42-3-48 

843 

3-43 

8  44-3  8 

84-35 

8  46 
3  44-3-45| 
8-45-3-50, 
3  4-3  56  I 
3  5-3  55 

3-53  1 
35l-3-55i 
8  52-3  57i 


Hard- 
ness. 


6-7 
5-6 

6-7 

5-5 
6-5-7 

5 
8-5-4 

6-5 
65-6 

7  5 

4  5 

4-5-5 

1-5-2 

5 

6 

4-5 

5-5-5 

6-65 

35-4 

6 
6-5 


3-52-3  77 

65 

3-70 

8-4 

3-7 

4-5-5 

3-6 

1-5-2 

8  65 

4 

3-74 

5 

8-76 

Aznrite(p.  365) 

Allnciite(p.  506) 

AUanite  (p.  440) 

Cltiudetile  (p.  330) 

Malachite  ip.  364) 

DuruQgite  (p.  503) 

Part^hinite  (p.  419). . . . 

Gadoliniie  (p.  436) 

Bury  Hie  (p.  408) 

Tngilite(p.  511) 

Dihydrite  (p.  505) 

Sarkiuite(p.  502) 

PyrosUlpnile  (p.  812).... 
Olinoclasite  (p.  505). . . . 

Kermesite  (p.  805) 

Lautaiite  (p.  517) 

Monasite  (p.  495) 

Unarite  (p.  530) 

LirniDdite  (p.  808) 

iitiddeleyite  (p.  346).... 
Vftuqueliuite  (p.  529).... 

Crocoite  (p.  529) 

Agricolite  (p.  419) 

Tenorite  (p.  882) 

LeadhiUiie  (p.  530) 

Lanarkiie(p.  5:^0) 

Atdcstiie  (p.  507) 

Piedleriie  (p.  322) 

Hiibnerite(p.  539) 

Raspite  (p.  541) 


AUanite  (p.  440)  ... 
Crcdnerite  (p.  348).. 
Miargyrite  (p.  808). 
Plagioiiite(p.  308).. 
RlMingerile  (p.  312). 
Semseyite  (p.  309).. 


B.  Luster  Metallic  (and  Submetallic). 

Polybaaite  (p.  814).... 

Peaiceite  (p.  315)     

Freieslebenite  (p.  309). 

Jordanite  (p.  313) 

Wolframite  (p.  539) 

SylvaniteCp.  304) 


3-5-42 

55-6 

49-51 

4-5 

51-5  3 

2-2  5 

54 

25 

5-63 

2-2  5 

5-95 

2-3 

i 

Sassolitc  (p.  352) 

Lausfordite  (p.  367) 

Haiinayile  (p.  510) 

Amuniniite  (p.  536) 

Ohalcanthite '  p  534) 

ROineriie  (p.  5;J6) 

Microcline  (p.  373) 

Albite(p.  377) 

01igocla8e(p.  378) 

Andesine  (p.  379) 

I«abradorite  (p.  879) 

Anorthite  (p.  380) 

Monetite  (p.  507) 

Inesite  (p   452) 

Amblygonite  (p.  508).... 


VI.     CRYSTALLIZATION  TRICLINIC. 
A.  LusTEK  Unmetallic 


1-48 

1-54 

1-89 

211 
212-2-30 

217 
2-54-2-57 
2  62-2-65 
265-267 
2-68-2-69 
2-70-2  72 
2  74-2-76 

275 

8  03 
801-8-09 


1 
25 

2-5 

25 
3-3-5 
6-65 
6-6-5 
6-6-5 
6-6-5 
6-6-5 
6-65 

35 
6 
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Fnirfieldiie  fp.  607) 

Messeliie  (p.  r)07) 

Clialcosiderite  (p.  514). 

Azinite(p.  441) 

lliortduhliti*  (p.  396)... 
Bubingtonite  (p.  396)... 

Celsinn  (p.  381)  

Rhodonite  (p.  395) 

Trimerite  (p.  424) 

Chloritoid?  (p.  471).... 

Roselite  (p.  507) 

Cyaiiite(p  434) 

Brandtite  fp.  507) 

^nigmntite  (p.  405) . . . 
Walpurgile?  (p.  515)... 


Specific 
Qravity. 


3-77-3-88 

3  83-3  85 

3  5-4  2 
8  85-4-15 

8  9-4  03 
3-94-4-07 

40 
4-0-4-5 
403 
408 
4-44 
4-18 

4  2 

4  19-4-36 
4-5-4  6 

4-59 

4  9-5  3 
6  3-5  45 

5-53 

5-5;  6025 

5-8-61 

59-61 

60? 

5  8-6-25 
6-26-6-44 

6-3-6  4 
6-4 

72-7-5 


Hard- 
ness. 


35-4 
4-5 

5  5-6 
25 

8  5-4 

5 
6-5-7 

6  5-7 
7 

8-4 
46-5 

4-5  . 

2 
25-8 
1-1-5 

6-65 

2-5 
1^-2-5 

66 
2  5-3 
2-5-8 

8-4 

25 
2-2-5 
3-4-5 

6-55 


60-62 

2-8 

6-15 

8 

6  2-ri-4 

2-2  5 

6  39 

3 

7-2-7-5 

6-66 

7-9-8-3 

1-6-2 

8-10 

8-5  J^ 

3-5 

3-11 

45 

3-27 

6-5-7 

3  27 

5-5  6 

8-:^'>-3-37 

5-5-6 

3  37 

6-6-6 

8  4-3-68 

5-5-6-5 

3-47 

6-7 

8-52-3  57 

6-5 

3-5-36 

3-6 

3-56-8-67 

5-7-25 

3-67 

5-6-6 

3  85 

6  76 

8  5 
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m.  HEXAGONAL  SERIES. 

Hexagonal  Prisms.— Unmetaltjc Luster  :  Beryl;  Apatite;  Pyromorphite:  Vanadlnite; 
Mimotite  aisimlly  indi^tinot  rounded  form'*.  Also  Nephelite;Mi1ante:  Tysonlte.  andothen. 

HcxajroTinl  prisms  are  also  common  with  the  rJiombohedral gperies  :  Quartz;  Calcfte;  Toor- 
maline:  Willcmfte:  Phenadte:  Dioptase.  etc.  Agalu,  with  the  Micas,  etc.  Numerous  rare 
specirs  could  be  included  here. 

Many  orthorhomhie  (or  ?77^7?^/;??'n7V^  spocies  having  a  prismatic  an^le  of  about  ftrt*  (ami 
120'*)  simulate  tliis  form  both  in  simple  crystals  and  still  more  as  the  result  of  twin  nine. 
Tims.  Araffonite:  Sfrontianite;  Leadhillite:  Tolite.  It  is  also  to  be  noted  that  the  ifom/trif 
dodernbedron.  e  tr  .  of  (rnrnet.  bns  often  the  form  of  a  hexagonal  pyramid  with  trihedral 
terminations  fof.  Fiir.  442.  p.  134). 

Tabul'ir  bexaironMl  prisma  are  noted  with  various  specie«.  Thus.  Metaixtc  Lfpteh- 
Hematite:  Tlmenite:  Pyrrbotite.     Un.metatjjc  Luster  :  Tridymite. 

Hexaeonal  Pyramids— Apntite.  Corundum  (rhombohedral);  Quartz  (rbombolie<lnl- 
trap'-zolM^drnl):  ITnnksito. 

This  form  is  often  simulated  bv  various  orfhorTiombir.  species,  in  part  as  the  re^nlt  of 
twinnini'.  For  rxnmnle.  mrtalt-t^  lfster  :  Cbnlcoeite;  Stephanite;Polybasite;  Jordaniie, 
etc.      Also  Brookite  (Fiir.  301    n   94) 

Unmetalt.tc  LrsTEu  :  Witberite:  Bromlite:  Cerussite;  lolite. 

Trigonal  Prism. — Tourmaline. 


II.  CRYSTALLINE  HABIT. 

L  ISOMETRIC  SYSTEM. 

In  the  following  lists  some  species  are  enumerated  whose  crystalliDe  habit  is  eften  id 
narked  as  to  be  a  distinctive  character. 

Oubes. — Metallic  Luster  :  Galena;  Pyrite, 

Un METALLIC  LusTEB :  Fluoritc;  Cuprite;  C'erargyrite;  Halite;  Sylvite;  Boracite;  Piiv* 
macosiderite.     Also  Percy  lite;  Cerargyrite;  Perovskite. 

Cube-like  forms  occur  with  the  lollowiug :  Apophyllite  (tetragonal);  Cryolite  (nnniO' 
clinic).  Also  with  the  rhombohedral  species:  Chabazite:  Alunite;  Calcite;  rarely  Qutra 
and  Hematite. 

Octahedrons.— Metallic  and  Submetallic  Luster  :  Magnetite;  Franklinite;  Cliro- 
mite;  Uraniuite.     Also  sometime:^,  Galeua;  Pyriie;  Linnaeiie;  Dysanalyte. 

Unmetallic  Luster  :  Spinel  (iucl.  Heicyuite  and  Gahnite;;  Cuprite;  Diamond;  PjrO' 
chlore  uud  Microliiu;  Kalsionite;  Periclase;  Alum. 

Forms  somewhat  resembling  regular  octahedrons  occur  with  some  tetragonal  q>edei,M 
Brauuiie;  ilausmanuile;  Chalcopyriie;  Zircon,  etc.;  also  with  some  rhombohedral  spem 
as  Dolomite. 

Dodecahedrons.— Metallic  Luster  :  Magnetite;  Amalgam. 
Unmetallic  Luster  :  Garnet;  Cuprite;  Sodalite. 

Trapezohedrons. — Unmetaluc'Lubter  :  Garnet;  Leucite;  Analcite. 

Pyritohedrons.— Metallic  Luster  :  Pyrite;  Cobaltite.  Also  Gersdorffite;  Haneriti 
(submetallic;. 

Tetrahedrons.— Metallic  Luster  :  Tetrahedrite. 

Unmetallic  Luster  :  Sphalerite;  Boracite;  Helvite;  Eulytite;  Diamond. 

The  tetragonal  sphenoids  of  Chalcopyrite  may  resemble  tetrahedroua 

II.  TETRAGONAL  SYSTEM. 

Square  P3rramid8.— Submetallic  Luster  :  Bruunite;  Hausmnnnlte. 
Unmktallic  Luster:  Zircon;  Wulfcnite;  Vesuvinniie;  Octnhedriie;  Xenotime. 

Square  Prisms.— Unmetallic  Luster  :  Zircon,  Vesuviauile;  Sciipoliies;  Apophyllite;  j 

Phosirenite.  , 

Square  tabular  crystals  occur  with  Apophyllite;  W^ulfenite;  Torbernite.  j 

Prisms  nearly  square  are  noted  with  a  uumbcr  of  ortborhombic  species,  e.g..  Topaz;  j 

Andalusite;  Dunbiirite.  j 
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Rhombohodroni.— Angle  75*  fand  105") :  Calcite;  Dolomite;  Siderite;  Rhodochrosiu. 
Angle  Dot  far  from  90*:  Cbmlnzite;  A i unite. 

8calenoh«droiis. — Calcite  and  allied  Carbonatts;  Proustite. 

IV.  ORTHORHOMBIC.  MONOCLINIC  A^D  TRICLINIC  SYSTEMS. 

Prismatic  Cryatala. — 3[btallic  Luster  :  Stibnite;  Ar&eoopynte;  Bounionite;  Mangm- 
nite;  Goibiie.  etc. 

U NMr.TA LUC  Luster  :  (^rr'ic^rAowiiiVi  T«»p:iz:  Staurolite;  Andaliisiu*:  Bnrite:  Cel^stita; 
Dauburiie.     Al^**  \n»o-oe*inic>  Pyruxeue:  Auipliiiio  e;  Orthc>ciii>c.  und  many  oiiiers. 

Epidoie  cry-iui)  are  of  tea  priMiiaiic  iu  .i^pect  (Fig:.  b50.  p.  A^^\. 

Tabular  Crystala. — B  irite:  Cenissiie:  Caluiiiiue;  Di:is()Oi-e:  Wollnstonite. 

Acicolar  Crystals. — Metaluc  Luster  :  Stibnite;  Bisniuthinite.  Milliritc:  Janiesonite; 
Aikiuiie,  uutl  oUiir  species. 

Unmetallic  LubfEU:  Pectolite;  Natrolitc;  bcok-cite;  Thomsonite,  and  other  Zeolites. 
Also  Aru^ouue;  Siruuiianiie.  le!»s  ofteu  Cuiciie.      Also  niHuy  u<lier  species. 


Twin  Crystals. — Tiie  bubit  of  the  twins  occurring  with  many  species  is  very  character- 
istic. Reference  is  made  to  pp.  118  to  i;^  und  the  accompanying  figures  for  a  presentatioD 
of  this  subject. 

III.    STRUCTURE   OF   MASSIVE   MINERALS. 

Filnroos. — FVfert  uparaUf:  A^bcstus  (nmpliibole);  also  the  similnr  asbestiform  variety 
of  serpentine  (chrysotile);  Ciocidolite  (color  blue). 

Fibers  not  $eparftbU,  chiefiy  ttraujht  :  CnUile.  G}(Funi.  Also  Amgonite;  B«rit«*;  Celes- 
tite;  Anhydrite;  Brucite;  Euslaiilc;  \V  olluMouite;  fiufrenile;  Viviimiie.  See  also  CWtimnar 
below. 

Fibrous-Radiated. —WaTellile;  Thomsonite;  Natrolile;  Stilbiie,  and  other  Zeolites; 
OOthite;  MulachiU*. 

Columnar.— Metallic  Luster   :  Stibnite;  Hcmiitite;  Jsmesonite;  Zinkenile,  etc. 

Unmrtallic  Luster  :  Limnnite:  GOlhiie;  Arnpnite;  Amphibole  (irtmolite.  actinolite^ 
etc.);  EpiMote;  Zoisiic;  Tourmaline;  Sillinsanite;  ^atrolile  i.nd  other  Zeolites;  Strontianite; 
Witheriie;  Topaz. 

Cyanite  has  often  a  hlade'l  structure. 

Fibrous  find  columnar  varieties  pass  into  one  another. 

Lamellar-Btellate.— Gypsum:  Pyrophyllite. 

Foliated. -Metallic  Lu8TEu:    Giaphite;    Molybdenite;    T^tradymite;  Stembergite; 

Nacrvncri'e 

Unmetallic  Luster  :  Talc:  Orpimonl;  Gypsum;   Pyrophyllite;  Serpentine;  Gypsum. 

Micaceous. -Tlie  Micas.  t>.  463:  also  the  Brittle  Micas,  p.  470.  ai  d  the  Chh)riies,  p.  472. 
AlsoBruHte:  Orpiment:  Talc:  Torbernile;  Autunite. 

Oranular. -Metallic  Luster:  GaVnn;  Remntite.  Mnny  sulphides,  sulpharsenites, 
etc..  hnve  variolic**  which  nro  fini*crannlar  to  compact  and  impalpable. 

Unmetallic  Lfster  :  Pyroxene  (coccolite):  Garnet;  Cfllci'e;  Bariie.  etc. 

BotrvoMal,   MammiUary,  Reniform,    etc.— Metallic    Lumkr  :  Hemnlite;    Arsenic; 

Alle'no-tito  ,        ^,1    1      J  a 

Unmetallic  Luster:  Malachite:  Prehnite:  Calamine;  Smithsonite;  Chalcedony;  Hya- 
lite: SphnVrte.  ou\ 

fitalactiUc— Metallic  Luster  :  Limonitr:  PsMomelane:  Marcnsite. 
Unmetallic  Luster  :  Calcile;  Aragonite;  Gibbsiie;  Clmlcetlony. 

IV.  PHYSICAL  CHARACTERS. 
L  CLE.WAGE. 

Onbic  —Metallic  Luptrr  :  Galena  -   .    .    ,  .     ^  i       m  ^^      n.  v 

Unmetallic  Lurteii  •  HMl't^:  Sylvite.    The  clea^^ige  of  Anhydrite  (also  of  Cryolite) 

ilmulatrs  this.     Of.  also  ConinduuL  p.  833. 
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OcUhedral.— Fluor ite;  Diamond.    Magnetite  (also  Franklinite)  has  often  dUtinct  octa- 
hedral parting. 

Dodecahedral. — Sphalerite. 

Rhombohedral. — Calcite  and  other  species  of  the  same  group,  pp.  854-860. 

Square  Prismatic  (90*). — Scapolite;  Rutile;  Xcnotime. 

Prismatic— Barite:  Celestite;  Auiphibole  (54*'  and  126*).  etc. 

Basal.— METALLIC  Luster:  Gniphiie;  Molybdenite. 

UvMETALLic  LusTEii :  Apophylllie;  Topaz;  Tnlc;  the  Micas  and  Chlorites;  Chalcophyl- 
lite,  etc.     Pyroxene  often  shows  marked  basal  parting. 

Pinacoidal. — Metallic  Luster  :  Stibnite. 

Unmetallic  Luster  :  Gypsum;  Orpiment;  Euclase;  Diaspore,  etc. 


II.  HARDNESS. 


1.  Soft  Minerals. — The  following  minerals  are  conspicuously  Sqfl^  that  Is^  H  s  9 
or  less;  they  hence  have  h  greo$y  feel.     (See  further  the  Tables,  pp.  557  to  563.) 

Metallic  Luster:  Graphite;  Molybdenite;  Telradymite  ;  Sternbergite  ;  Argentite; 
NaffVHgite;  some  of  the  Native  Metals  (Lead.  etc.). 

Unmetallic  Luster:  Talc;  Pyrophyllite;  Biucite;  Tyroliie;  Orpiment;  Cerargyrite; 
Cinnabar;  Sulphur;  Gypsum. 

Also  (3aloniel,  Arsenolite,  and  many  hydrous  sulphates,  phosphates,  etc 

2.  Hard  Minerals. — Minerals  whose  hardness  is  equal  to  or  greater  than  7  (Quarts  =  7). 
The  following  minerals  are  here  included: 

Luster  Unmetallic. 


•Quartz  fp.  824) ...        7 

Tridyinile  (p.  328) 7 

BHrylite(p.  408) 7 

Dunioi  tierite  (p.  449) 7 

Dunbiinte(p.  4:^0) 7-7-25 

BORACITE  (p.  518) 7 

Zunvilf  (p.  415)  7 

€yanite  (p.  434)  5-7  25 

Tourmaline  (p  447) 7-7o 

Garnet  (p.  415) 6  5-7*5 

loLiTEjp  407) 7-75 

tiTAUnoLiTE  (p.  450) 7-7*5 

Schorlomiie  (p.  419) 7-7*5 

Sapphirine  (p  451) 7*5 

Euchise(p.  436) 7*5 


Hamberi^ite  (p.  518) 7*5 

Zircon  (p.  428) 7*6 

Andalusite  (p.  432) 7'5 

Beryl(p  405)  ..   7.5-6 

Luwsoniie  (p.  447) 7-5-8 

Phenacite  (p.  423) 7-5-8 

Gal.nite  (p.  339) 7-5^ 

Hercyuiie  (p.  339) 7*5-8 

Spinel  (p.  338) 8 

Topaz  (p.  431) 8 

Hho(llziie(p  518) 8 

ClIRYSiOBERYL  (p.  342) 8*5 

Corundum  (p.  333) 9 

Diamond  (p.  271) 10 


The  foUowinpr  minerals  have  hardness  e<|U«l  io  6  to  7.  or  6-5—7. 

Luster  Metallic:  Iridosniine  (p   280);  Iridium  fp.  280):  Si^rrylite  (p.  302). 


Cassiter 

For 

(p.  433);  Spodumene  (p.  393);  Trimerile  (p.  424). 


III.  SPECIFIC  GRAVITY. 


Attention  is  called  to  the  remarks  fn  Art.  280  (p.  158>.  on  the  relation  of  specific  frravityts 
chemicnl  rompnsiiion.  Also  to  the  statrments  in  Art  281  ns  to  the  aterage  specific  eraviiy 
amoni;  minerals  of  metallic  and  unmetallic  luster  respectively.  The  species  in  each  of  tbi 
sepnrute  lists  of  Table  I  of  mineinls  Hnssified  with  reference  to  crystallization  an.*  armnjFed 
According  to  ascenditu;  ipe^ifir  gratities.  Hence  the  lists  give  at  a  glance  minerals  dii- 
tinguislied  by  both  low  and  high  density. 
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IV.  LUSTER.    (See  Art.  888.  p.  188.) 

Metallic. — ^Katiye  metals;  most  Sulphides;  some  Oxides,  those  containing  iron,  man* 
ganese,  lead.  etc. 

Snbmetallic. — Here  belong  chiefly  certain  iron  compounds,  as  Ilmeuite;  Ilvaite; 
Columbite;  Tantalite  (and  allied  species;;  Wolframite,  etc     Also  Uraninite,  etc. 

Adamantine.— (a)  Some  ?iard  minerals:  Diamond;  Corundum;  Cassiterite;  Zircon; 
Rutile.  (6)  Munj  compounds  of  lead,  also  of  silver,  copper,  mercury.  Thus,  Oerussite, 
Anelesite,  Pbosgenite,  etc.;  Cerargyrite;  Cuprite;  some  Cinnabar,  etc.  (c)  Also  certain 
yarieties  of  Sphalerite,  Titan ite  and  Octahedrite. 

Metallic- Adamantine. — Pyrargyrite;  some  varieties  of  the  following:  Cuprite,  Cerussite, 
Octahedrite,  Rutile. 

Resinous  or  Waxy.— Sphalerite;  Elseolite;  many  Phosphates. 

Vitreous.— Quartz  and  muny  Silicates,  as  Garnet,  Beryl. 

Pearly. — The  foliated  species:  Talc,  Brucite,  Pyrophyllite.  Also  (on  cleavage  surfaces) 
conspicuously  the  following:  Apophyllite,  Stilbite,  Heulandite.  Also,  less  prominent:  Barite; 
Celestite;  some  Feldspar,  and  others. 

Silky. — Some  fibrous  minerals,  as  Gypsum,  Caldte;  also  Asbestus. 

V.  COLOR 

• 

The  following  lists  may  be  of  some  use  in  the  way  of  suggestion.  It  is  to  be  noted, 
however,  that  especially  in  the  cuse  of  metallic  minerals  a  slight  surface  chan^  may  alter 
the  effect  of  color.  Further,  among  minerals  of  unmetallic  luster  particularly,  no  sharp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  the  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended, 
could  make  any  claim  to  completeness. 

(a)  Metallic  Lubter. 

Silver-white,  Tin-white. — Native  silver;  Native  Antimony,  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyriie  and  LOlliiigite:  several  sulphides,  arsenides,  etc.,  of  cobalt  or 
nickel,  as  Cobaltite  (reddish);  some  Tellurides.  No  sharp  line  can  be  drawn  between 
these  and  the  following  group. 

Steel-gray. — Platinum;  Manganite;  Chalcocite;  Sylvanite;  Boumonite. 

Blue-gray. — Molybdenite. 

Lead-gray.— Many  sulphides,  as  Galena  (bluish);  Stibnite;  many  Sulpharsenites,  etc., 
«8  Jamesouite,  Dufrcuoysite,  etc. 

Iron-black.— Graphite:  Tetrahedrite;  Polybasite;  Stephanite;  Enargite;  Pyrolusite; 
31agnetite:  Hematite;  Fianklinitc. 

Black  (with  submetallic  luster). — Ilmenitc;  Limonite;  Columbite;  Tantalite,  etc.; 
Wolframite;  Ilvaite;  Uraninite,  etc.  The  following  are  usually  brownish  black:  Braunite; 
Hausmannite. 

Oopper-red. — Native  copper. 

Bronze-red. — Bornite  (quickly  tarnished) ;  Niccolite. 

Bronze-yellow. — Pyrrliotite  ;  Pentlandite;  Breithauptite. 

Brass-yellow. — Chalcopyrite ;  Millerite  (bronze.)    Pale  brass-yellow:  Pjrite;   Mar- 

•casite  (whiter  than  Pyrite). 

Oold-yellow. — Native  gold. 


Streak. — The  following  minerals  of  metallic  luster  are  notable  for  the  color  of  their 
€ireak: 

Cochineal-rsd :  Pyrargyrite. 
Cherryr^d :  Miarjryrite. 
Dull  Red  :  Hematite  (also  Cuprite). 
BearUt :  Cinnabar  (usually  unmetallki^ 
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Dark  Brawn  :  Manganite ;  Franklinite  ;  Chromite. 
Yellow :  LimoDit«. 

Tarnijih.  —  Tlie  following  are  conspicuous  for  their  bright  or  variegated  tamiBk? 
Bornite  ;  Chalcopyrite  ;  T«trahedrite  ;  some  Limonite. 

(6)  Ukhbtallic  Lubtbb. 

Oolorlesa. — In  Crystals:  Quartz:  Calcite;  Aragonite  ;  Qypsnra  ;  Cerussite  ;  Anglet* 
ite ;  Albite';  Barite ;  Adularia ;  Topaz;  Apophyllite ;  Natrolite  and  other  Zeolites; 
Celestiie  ;  Diaspore  ;  Nephelite  ;  Meioiiite  ;  Calamine  ;  Cryolite  ;  Pbenucite,  etc. 

Massive  :  Quartz  ;  Calciie  ;  Gypsum  ;  Hyalite  (botryoidal). 

White.— Crystals  :  Amphibole  (tremolite) ;  Pyroxene  (diopside,  usually  greenish). 
Massive:  Calcite;  Miiky  Quartz;  Feldspars,  especially  Albite;  Barite;  Cei-unite, 
Scapolite  ;  Talc  ;  Meerschaum  ;  Magnesite  ;  Kaolinite  ;  Amblygouite,  etc. 

Blue.— Blackish  Blub:  Azurile  ;  Crocidoiite. 

Indioo-bluk  :  Indicolite  (Tourniaiine) ;  Viviauite. 

Azure-blub  :  Lazulite  ;  Azurite  ;  Lapis  Lazuli ;  Turquois. 

Prussian-blub  :  Sapphire ;  Cyanite  ;  lolite  ;  Azurite  ;  Chalcanthite  and  manj  cop- 
per compounds. 

Sky-bluk.  Mountain-blue  :  Beryl  ;  Celestite. 

Violet  BLUE  :  Amethyst ;  Fluonte. 

Greenish  Blue  :  Amuzou-sloue  ;  Chrysocolla  ;  Calamine  ;  Smithsonite  ;  some  Tar« 
quois  ;  Beryl. 

Oreen.— Blackish  Green:  Epidote  ;  Serpentine  ;  Pyi-oxene  ;  Amphibole. 

Emerald-green  :  Beryl  (Emerald) ;  Malachite  ;  Dioptase  ;  Atacamite  ;  and  many 
other  copper  compounds  ;  Spodumene  (hiddenite) ;  Pyroxene  (rare)  ;  Gahnite  ;  Jadeite 
and  Jade. 

Bluish  Green  :  Beryl;  Apathe  ;  Fluorite  ;  Amazon- stone ;  Prehnite  ;  Calamine; 
Smithsonite  ;  Chrysocolla  ;  Cliloriie  :  ^ome  Turquois. 

Mountain  green  :  Beryl  (aquamarine) ;  Euclase. 

Apple-green  :  Talc  ;  Garnet;  Chrysoprase ;  Willemite ;  Gamierite;  Pyrophyllite; 
some  Muscovite  ;  Jadeite  and  Jade  ;  Pyropbyllite. 

PiSTACHIO-GREKN  :    EpidotC. 

Grass  green  :  Pymmorphite  ;   Wavellite  ;  Variscite  ;  Chrysobenrl. 
Grayish  Green  :  Amnliihole  and  Pyroxene,  many  common  kinds  ;  Jasper;  Jade. 
Yellow- GREEN  to  Olive-green  :    Beryl ;   Apatite  ;  Chrysoberyl ;    Chrysolite  (oli?e. 
green) ;  Chlorite  ;   Serpentine  ;  Tiimite  ;  Datolite  :  Olivenite  ;  Vesuvianite. 

Yellow.— Sulphur- YELLOW  :  Sulr^hur  ;  some  Vesuvianite. 

Orange- YELLOW  :  Orpiment ;  Wulfenile  ;  Mimelite. 

Straw  yellow,  also  Wink-yelt.ow,  Wax-yellow  :  Topaz ;  Sulphur ;  Fluorite ;  Can- 
crinite;  Wulfenite  ;  Vanadinile  ;  Willemite;  Calcite;  Barite;  Chrysolite;  Chondrodite; 
Titanite:  DatoPte.  etc 

Brownish  Ykllow  :  Much  Sphalerite  :  Siderile  ;  GOthite. 

OcHER  YELiX)W :  Gftthite  ;  Yellow  ocher  (limonite). 

Red  — RuBY-RED  :  Ruby  (corundum) ;  Ruby  spinel ;  much  Ghirnet ;  Proustite;  Yana- 
dinite  ;  Sphalerite  :  Chondrodite. 

Cociiineal-red :  Cuprite;  Cinnabar. 

Hyacinth  RED. — Zircon ;  I  rotoite. 

Ouanokred:  Zincite. 

Okangr-hed  to  AUHORA-RED  :  RealcTar  :  Wulfenite. 

Crimson  RED  :  Tonrinaline  (rubellite) ;  Spinel,  Fluorite. 

Scarlet- RED  :  Cinnabar. 

Bhick-red  :  Some  ITematite  ^red  ocher). 

Rose  red  to  Pink  :  Rose  qnnrtz  ;  Rh^  doniie  ;  Rhodochrosite  ;  Erythrita ;  some  Soape- 
Mtc   Apophyllile  and  ZoiRito  :  l*!udialyie  :  Peialite  ;  Margarite. 

PEAcn-BLOssOM  Rkd  to  LiLAC  :  Lepidolite  ;  Rubellite. 

Flesh  red:  Some  Orthoclns«e  ;  Willcniile  (the  variety  troostite);  soma  Cbabazite;  Btfr 
bite  and  Fleulandite  ;  Apatite  ;' rarely  Calcite  ;  Polyh»ililc. 

Brownish  Red  :  Jasper  ;  Limonite  ;  Garnet ;  Sphalerite  ;  Siderite ;  Rutila. 
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Brown. — Reddish  Brown  :  Some  Garnet ;  some  Sphalerite  ;  Staurolite  ;  Cassiterite  ; 
Butile. 

Clove-brown  :  Axinite  :  Zircon  ;  Pyromorphite. 

Tellowish  Brown  :  Siderite  and  related  carbonates  ;  Sphalerite ;  Jasper ;  Limonita  ; 
C^tbite  ;  Tourmaline  ;  Yesuvianite  ;  Chondrodite  ;  Staurolite. 

Blackish  Brown  :  Titanite  ;  some  Siderite  ;  Sphalerite. 

Smoky  Brown  ;  Quartz. 

Black :  Tourmnliue  :  black  Garnet  (melaDite) ;  some  Mica  ^especially  biotite) ;  alio 
some  Ampbibole,  Pyroxene  and  Epidote  (these  are  mostly  greenish  or  brownish  black); 
further,  some  Sphalerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black)  ; 
also  Allanite ;  Samarskite.  Some  black  minerals  with  submetallic  luster  are  mentioned 
on  p.  438. 

Streak. — The  streak  is  to  be  noted  in  the  case  of  some  minerals  with  unmetallic  luster.  Br 
far  the  majority  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
differing  but  little  from  white.    The  following  may  be  mentioned : 

Oranobtellow  :  Zfncite.  Crocoite. 

CocHiNBAL-RED :  Pyrargyrite  and  Proustite. 

Scarlet  red:  Cinnabur. 

Brownish  red  :  Cuprite  ;  Hematite. 

Brown  :  Limonite. 

The  streak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite, 
h  about  the  aame  aa  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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AbbreviatioDS,  4 
Absorptiou  of  light,  171 

biaxial  crystals,  218 
uoiiixial  crjTBUils,  201 
Acicular  crystals,  142 
Acid  salts,  247 
Acids,  246 

Actioo  electricity,  235 
Adamant ine  luster,  188 
Aggregate  i)olarizatioD,  228 
Aggregates,  crystalliue,  142 

optical  properties,  228 
Airy's  spirals.  203 
Albite  law  (twiiinine),  131,  375 
Alkalies,  test  for,  2S 
Alkaliue  taste,  238 
Alliaceous  otlor,  238 

Alumiuium  (aluminum),  test  for,  258,  264 
Amalgam,  1»6,  187 
Amorphous  structure,  6,  143 
Amplitude  of  vibration,  162 
Amygdaloidal  structure,  143 
Analyzer,  177 
Analysis,  blowpipe.  256 

chemical,  252 

microchemical,  252 
Angle,  critical.  169 

of  extinction,  211 

polarization,  175 
Angles,  measurement  of.  112 

of  dihexagoiial  prisms,  88 
ditetragoiml  prisms,  64 
isometric  forms,  42,  46,  49 
Anisometric  crystals,  192 
Anisotropic  crystals,  192 
Anomalies,  optical.  228 
Antimony,  tests  for.  259.  260,  261,  264 
Apatite  type,  71 

Arborescent  structure,  see  Dendritic,  143 
Argillaceous  odor.  288 
Arsenic,  tests  for.  259.  260,  261,  264 
Artiticial  minerals.  1.  252 
Asterism,  190,  470 
Astringent  taste.  238 
Asymmetric  group,  109 
Atom.  239 
Atomic  weight.  240 
Axes,  crystal lographic,  13,  23 


Axes,  ether,  208 

of  elasticity.  208 
optic,  207,  215 

dispersion  of,  810,  290 
Axial  angle,  optic,  209,  215 

measurement  of,  215 
figure,  199,  214 
planes  of  symmetry,  14 
ratio,  22 

B 

Barium,  test  for,  259,  264 
Basal  plane,  53,  67,  90,  100, 107 
projections,  20 

drawing  of,  558 
Base.  53,  67,  90.  100.  107 
Bases,  chemical.  246 
Basic  salU.  247 
Baveno  twins,  129,  371 
Belonite,  140 
Bertrand  ocular,  211 
Beryl  type,  66 
Berylloid,  69 
Bevel,  BeTelment,  37 
Biaxial  crystals,  192.  208 

examination  of,  210 
Binary  symmetry,  9 
Birefnngence,  172,  197,  198,  512 

determination  of,  213 
Bisectrices,  208 

dispersion  of,  210,  223 
Bisectrix,  acute,  208 

negative.  217 

obtuse,  208 

positive,  217 
Bismuth,  test  for,  261,  264 
Bitter  taste,  238 
Bituminous  odor,  238 
Bivalent  element,  244 
Blnded  structure,  142 
Blebby  bead.  258 
B'owpipe.  256 
Borax,  use  of,  263 
Boron,  test  for,  259,  264 
Botryoidal  structure,  148 
Brnchy-axis,  89.  106 
Brachydorae,  91,  107 
Bmchypinacoid,  90,  107 

on 
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Bfrnchyprism,  91,  107 
Brftchypjramid,  92,  107 
Braiil  law  (twin),  127,  825 
Brtwtter's  law,  174 
Brittle  miDeruls.  154 
BunieD  burner,  256 
Burner  for  blowpipe,  256 


Cadmium,  test  for,  261,  266 
Calcite  type.  74 
Calcium,  test  for,  259.  265 
Calculation  of  angles,  SO,  52,  68,  84,  96, 

104,109 
chemical  formula,  249 
Capillary  crystals,  148 
Carbonates,  test  for,  265 
Carlsbad  twin,  129,  370 
Cbalcopyrite  type,  61 
Ckange  of  colors,  189 
Charcoal,  use  of,  257,  260 
Chemical  compound,  245 

composition  and  optical  charac- 
ters, 225 

elements,  239 

formula,  240 

minernlogy.  289 

reaction,  245 

symbol.  240 

tests.  254,  264 
Chlorides,  test  for,  265 
Chlorine,  test  for,  255,  259 
Chondrule,  421 
Chromium,  tests  for,  268,  265 
Circular  polarization.  17H.  202 

imitated  by  mica  lections,  227 
Classification  of  minerals,  269 
Cleavage,  146 

basal,  147 

cubic,  147 

dodecahedral,  147 

octahedral.  147 

prismatic,  147 

rliombohedral,  147 
Clino-axis.  98 
Clinodome.  101 
Clinobedral  ^roup,  104 
Clinopiii;i<()i(l.  100 
Cliiu)[)risfn.   100 
(ylin«^|»vr:miid,  101 
Clo^^od'fonn.  25 
Clnm-d  till)!'.  2.')9 
Cob'ilr.  t<'st  fur.  20;^,  265 

riitiMto.  ii>e  of,  258 
(]l()lie«i(m.  140 
Color,  ir,4.  ISO.  187 

romplemeiitaiy,  164,  178 
Columnar  structure.  142 
Combining  weiirlit,  243 
ComplementJiry  colors.  164,  178 
Coni|>OBition-pIane.  119 
Concentric  structure,  142 


Conchoidal  fracture,  152 
Conductivity,  for  electricity,  884 

heat,  288 
Conical  refraction,  207 
Conoscope,  181 

Constancy  of  crystal  angles,  7 
Contact  goniometer,  118 
Contact-twin,  120 
Cooling  taste,  288 
Copper,  tesU  for,  259,  262,  268, 
Copper  chloride,  test  for,  259 
Coral  loidal  structure,  148 
Corrosion  forms,  151 
Cotangent  relation,  81 
Critical  angle,  169 
Crossed  dispersion,  228 
Crypto-crystallinc,  6,  148 
Crystal,  definition,  5 

distorted,  11,  188 

twin,  118 
Crystallites,  140 
Crystalline  aggregate,  6,  142 

structure,  6 
Crystallization,  systems  of,  18 
Crystal  I  ogeny,  5 
Crystallography,  5 
Cube.  84 
Cuprite  type,  50 
Curved  crystals  and  faces,  187 


D 


DccrepiUtion.  258.  259 

Deltoid  dodecahedron,  48 

Dendrites,  143 

Dendritic  structure,  148 

Density,  156 

Dfsciiption  of  species.  269 

Determination  of  minerals,  267 

Diagonal  prism,  67 

pyramid,  69 

Diamagnetic  minerals,  237 

Dinmapnetism,  237 

Diametral  prism.  54.  90,  100,  108 
pyramid,  55 

Diaphaneity.  186 

Diathermancy.  233 

Dibasic  acid.  240 

Dichroic  crystals,  202 

Dichroism.  187.  201 

I)i<lir()S('()|)e,  202 

DilTrnction,  171 

Dihexuijonal  prism,  67 

pyramid,  69 

Dimorphism,  2.')1 

Dimorphons  compound,  251 

Diploi<i.  44 

Dispersion,  170 

of  bisectrices,  210,  223 
crossed.  223 
horizontal,  223 
inclined.  222 
of  optic  axes,  210,  220 
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Distorted  ciysuls.  11.  m 
Ditetrmgonal  prism.  55 

pyrminid,  57 
IMtrii^Dal  prism,  8S 
Divergent  struct urv,  142 
Dodecahedron.  34 

deltoid,  4d 

djakift.44 

peutJigousl.  43 

tctrshedim],  51 

rhombic.  34 
Domes,  26.  91.  100,  101.  107 
Double  refmctioD.  172 
Dra^ufT  of  crystals,  547 
Drusy,  143 
Dyakis-dodecahedron,  44 


£ 


Earthy  fracture.  152 

Effervescence.  254 

Elasticity,  154 

axes  of  light-,  206 

Elastic  minerals,  154 

Electricity.  284 

Electro-negative  elements,  242 
I>o8itive  elements,  242 

Elements,  uuguhir.  96.  104,  110 
axinl.  96.  104.  110 
chemical.  239.  240 
eciiiivaleuce  of.  105 

Elliptically  polarized  light,  178 

Elongation,  negative  or  positive,  213 

Enantiomr>r)>l)ous  forms,  50,  82 

Epoptic  tiffiires.  219 

Etching,  f49 

fiffures.  149 

Etlier,  liiniinif<'rons.  160 

axes.  203.  208,  219,  220 

Even  fracture,  152 

Exfoliation.  258 

Expansion  bv  heat,  282 

Extiuclion.  177,  210 

oblique.  211 
panillel.  211 

Extinction-angle,  211 

Extraordinary  ray,  194,  205 


Fed«:row  mica-wedge,  213 

Feel.  238 

Fetid  odor.  21^8 

Fibrous  structure,  142 

Filiform.  143 

ll^rst  order  prisms,  53,  67 

py  rum  ids,  54,  68 
Flame  coloration,  259 

oxidizing,  257 

reducing,  257 
Flexible,  154 
Fluorescence,  190 
Fluorides,  fluorine,  test  for,  260,  266 


Fluxrs.  262 

Foliated  structure,  142 

Forcepa.  257.  358 

Form,  :^5 

Formula,  ciiemical.  240,  248 

calculation  of,  9tl 
Formulas  for  s(^erica)  triaDgles,  83 
Fracture,  151 
Fundamental  form,  25 
FusibUity.  282.  258 

scale  of,  258 


0 


Galena  type.  S3 

Gladstone  law.  169 

Glass,  optical  chamctera  of,  192, 

Glass  lulH-s,  257;  u^e  of,  259 

Gliding  planes.  147 

Glimmering  lui^ter,  189 

Glistening  luster.  189 

Globular  structure,  143 

Globulites.  140 

Glowing,  258.  259 

Goniometer,  contact  or  hand,  119 
horizon  lal.  115 
refleining,  112.  115 
theixiolite.  117 

Granular  structure.  142 

Greasy  luster,  189 

Grouping,  molecular.  21 

imiallel.  131,  132 

Gyroidal  forms,  50 


II 

Habit,  crystal,  8 
Hackly  fracture,  152 
llanil  goniomeier.  112 
Hard  minemls,  153 
Hardness,  152 
Heat,  231 

elfect  on  optical  properties,  2S4 
Heavy  solutions,  I5S 
Hemihedral  fornm.  17 
Hemimorphic  forms,  18 

groups.  59,  71.  96,  108 
Hexagonal  prisnis,  07 

pynimids.  68 

svnnnetry,  10 

system,  65,  15 

trapezolH'dron,  74 
Hexaki«octabe<ln)n,  39 
Hcxakistetrahcdron,  49 
Hexoctahedron,  30 
Holohedral  forms,  17 
Horizontal  dis])crsi(>n,  223 

prisms,  92 

projections,  26 
Horse-radish  odor,  238 
Houppes,  219 
Hour-glass  structure,  890 
Hydroxides,  246 
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IcotahedroQ,  44.  47 
Icositetrahedron,  89 
Idiophauous  crystals,  219 
Impalpable  Structure,  142 
iDdicatriz,  196,  204 
Indices,  crysiallographic,  24 

refractive,  168 
Incidence,  angle  of,  164 
Inclined  di8])er8ion,  228 

hemibedrons,  47 
Inclusions,  189 
Inelastic  minerals,  154 
Insoluble  minerals,  255 
Interference  of  light,  178,  177 
colors,  173,  177 

uniaxial  crystals,  198 
biaxial,  214 
figures,  uniaxial,  199 
Intumescence,  258 
lodyrite  type,  71 
Iricfescence,  189 
Iron,  test  for,  263,  265 
Iron  cross.  124 
Isodiamelric  crystals,  192 
Isodimorphism,  251 
Isometric  crystals,  optical  properties,  193 

■m  system,  83.  14 

Isomorphous  group,  250 

mixtures,  251 
Isomorphism,  250 


Jolly  balance,  157 


Klein  solution,  158 


Lamellar  polarization.  229 

structure,  142 
Lamp  for  blowpipe,  256 
Law  of  rational  indices,  25 
Lead,  test  for,  261,  262,  265 
Left-handed  crystal.  83,  325 

polarization,  179 
Light,  nature  of,  160 
Light-ray,  168 
Light- waves.  162 

Light-velocity,  relation  to  refractive  index. 

168 
Lithium,  test  for,  259,  266 
Luster,  188 

M 

Macro-axis,  89,  106 
Macrodome,  91,  107 
Macropiuncoid.  90.  107 
Macroprisin.  91,  107 
Macropyramid.  92.  107 
Magnesium,  test  for,  258,  266 


Magnetic  minerals,  287 
Magnetism.  287 
Magnets,  natural,  287 
Malleable  minerals.  154 
Mam  miliary  structure,  148 
Manganese,  test  for,  268,  266 
Margarites.  140 
Manebach  twin.  129,  871 
Mean-line,  208 

first,  208 
second,  208 
Mercury,  test  for,  260,  266 

sulphide,  test  for,  260 
Metageuic  twins,  121 
Metallic  adamantine  luster,  189 
Metallic  luster.  188 
Metallic  pearly  luster,  189 
Metals.  241 

Mica  sections  superposed,  227 
Mica- wedge,  213 
Micaceous  structure,  142 
Microcosmic  salt,  v.  Salt  of  phoephorus.  268 
Microlites,  140 
Microsclerometer,  158 
Miller's  symbols.  24 

system.  124,  88 
Mimetic  crystals,  12 
Mineral,  artificial,  1,  252 
definition  of,  1 
Mineral  kingdom,  1 
Mineralogy,  science  of,  1,  2 
!  Models  of  crystals.  17 
Molecular  networks,  18 

structure,  5,  145 
weight,  244 
Molecule,  240.  5 

Molybdenum,  tests  for,  260,  261,  268,  265 

Monad.  244 
Monobasic  acid.  246 
Monoclinic  crystals.  98 

optical  characters,  220 
examination  of,  220 
system,  98;  16 
Mossy  structure,  143 

N 

Natural  magnets,  287 
Nttumann's  symbols,  24 
Negative  crystal,  209 

biaxial.  149 

uniaxial,  194,  197,  201 

element,  242 

elongation,  218 
Nephelite  type.  73 
Neutral  ailt,  247 
Network,  molecular,  18 
Newton's  rings,  174 
Nickel,  test  for,  263.  266 
Nicol  prism,  176 
Niobium,  test  for,  266 
Nitmtes.  test  for,  266 
Nodular  structure,  148 
Non-metals,  241  ' 
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Normal  angles,  28 

groups.  14.  88,  58,  66,  89,  99,  107 

salt.  247 
I^ugget,  gold.  277 

O 

OctahedroD.  34 

square,  55,  66 
Octant.  23 

Ocular.  BertraDd,  211 
Odor.  238 
OpalesceDce,  189 
Opaque,  186 
Open  tube.  260 

form.  25 
Optic  axes.  204,  207 

axis.  194 
Optical  aDomalies.  228 

cliaracters  of  cirstalliQe  aggregates, 

twin  crystals,  226 
effect  of  heat  upon,  224 

pressure  on.  228 
relation  to  chemical  com- 
position. 225 
Order,  prisms  and  pyramids  of  first  and  sec- 
ond.    53, 
54.66 ,  67 
third,  71 
rhombobedrons  of  second  and  third, 
80,  81 
Ordinary  ray.  194,  205 
Ortho-axis.  98 
Orthodome.  100 
Orthopiiiacoid.  100 
OrthoprisDi,  100 
Orthopynimid.  101 
Orthorhombic  crystals,  89 

optical  examination, 
229 
system,  89;  16 
Oscillatory  combination,  136 
Oxides,  245 
Oxidizing  flame.  257 
Oxygen  ratio,  249 


Pnragenic  twins,  121 
Parallel  extinction,  211 

groupiiie.  131,  183 

hemilH'<rron8,  48 
Paramagnetic  minerals.  287 
Pftramnerneiisra,  237 
Parameter,  28 
Panimorph,  253 
PunimorpiiiRm,  253 
Parting,  148 
Pearly  luster.  189 
Penetration-twin,  120 
Pentagonal  dodecahedron,  48 

tetrahedral,  52 
icositetrahedron,  50 


Pentavalent  element.  344 

Percussion  figure.  149 

Pericliue  law  (twinning),  181,  875 

Periodic  law,  242 

Phanero-crystalline,  142 

Plienacite  type,  80 

Phosphates,  test  for.  255,  259 

Phosphorescence,  190.  259 

Phosphoric  acid,  test  for,  355,  359,  366 

Photo-electricity,  385 

Physical  characters.  145 

Piezo  electricity,  385 

Pinacoiifs.  30 

Plagihedral  group.  50 

Plaue-polarized  li^ht.  174 

Plane  of  polarization,  174 

Platinum  wire.  357.  363 

Play  of  colors.  189 

Pleochroic  halos,  319 

Pleochroism.  187 

Pleomorphism,  351 

Point  system.  19 

Polariscope,  177.  181 

Polarization.  174 

Polarization-brushes.  319 

-microscope,  188 
Polarized  light.  174 
Polarizer,  177 

Polysyutbetic  twinnine,  875 
PositiTe  crystal,  biaxi^.  309.  317 

uniaxial.  194,  197,  301 
element,  242 
elong&tion.  218 
Potassium,  test  for,  259.  266 
Pressure,  effect  on  optical  characters,  338 

figures.  149 
Primary  optic  axes.  207 
Principal  axis  or  plane  of  symmetiy,  14 

section,  194 
Prisms.  26 

ditrigonal.  88 
hexagonal.  66.  67,  71 
horizontal.  92 
rhombic,  90 
tetragonal.  53 
third  order.  57,  71 
trigonal.  83 
Projection,  basal,  26,  558 

horizontal.  26.  553 
spherical.  27,  554 
drawing  of,  554 
Pseudo-hexagonal  cr3r8tal8, 12.  127.  854 

•isometric  crystals,  229 
Pseudomorph.  144,  252 
P^jeudomorpbism.  252 
Pseudosymmetry.  12,  41,  123,  188,  326 
Pycnometer.  157 
Pyramid,  diametral,  55 
ditrigonal.  74 
hexagonal.  68,  69,  71 
rhombic.  92 
square,  55.  56.  59 
third  order.  59,  71 
trigonal,  88 
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Pyramid,  udU,  66 

Pyramidal  group,  59.  71 

hemihedrism,  60 
•bemimorphic  group,  61»  78 

Pyritc  type.  48 

I^ritohedral  group,  48 

symmetry,  48 

PyritobedroD.  48 

Pyro-electricity.  284 

Pyrognostics,  264 

Q 

Quarter-undulation  mica  plate. 
Quartz-wedge,  212 

R 

Radiated  structure,  142 
Radical,  chemical.  245 
Rational  indices,  law  of,  25 
Reaction,  chemical.  245 
Rea<reut8,  chemical,  254 
Reducing  flame.  257 
Reduction  of  metals,  261 
Reflecting  goniometer,  112,  115 
Reflection  of  light.  164 
angle  of,  164 
Reflectometer,  180 
Refraction,  166 

double,  172 

strength  of,  172 
index  v.  Refractive  index 
Refractiye  eiiuivalent,  169 
index,  166,  168 

determination  of,  170, 180, 

200,  213 
relation  to  light  velocity, 
16S 
indices,  principal,  168,  208 
Refractometer,  180 
Relief,  high  or  low.  170 
Ren i form  structure,  143 
Resinous  luster.  188 
Reticulated  structure,  142,  143 
Rhombic  prism,  90 

pyramid.  92 
section.  375 
sphenoid.  96 
Rhombohedral  system,  16,  74 

of  Miller,  88 
Rhomlmhedral-hemimorphic  group,  79 
Uh<)mlM)he<iroii,  75.  80 
Right-handed  crysUil.  83.  324 

polarization,  178 
Roasting,  261 
lioutgen  rays,  235 

8 

Saline  taste,  238 

Salt  of  phosphorus,  268 

SalU,  247 

Saturation.  245 

Scale  of  fusibility,  258 


Scale  of  hardness,  158 
ScaleoohedroD,  77 

tetragonal,  68 
Scbeelite  type,  59 
Schiller,  190 
SchillerizatioD.  190 
Scleromeier,  152 
Second  order  prism,  67 

pyramid,  68 
rhombohedron,  80 
Secondary  optic  axes,  207 

twinning,  122, 148 
Sectant,  28 
Sectile.  154 
Selenite-plate.  201.  218 
Selenium,  tests  for,  260,  261,  266 
Semi-metals,  241 
Semi  transparent,  186 
Separable.  142 
Shining  luster,  189 
Silica,  test  for,  266 
Silky  luster,  189 

Silver,  test  for,  255.  261,  262,  266 
Soda,  use  of.  261,  262 
Sodium,  test  for,  259,  266 
Soft  minerals,  152 
Solubility  in  acids.  254 
Solution -planes.  149 
Sonstadt  solution,  158 
Sound  waves,  161 
Specific  gravity,  156 

balance,  156,  157 
heat.  238 

refractive  power,  169 
Spectro8co|>e,  170 
Speller,  238 

Sphenoid,  62;  rhombic,  96 
Sphenoidal  group,  61,  96 
Spherical  projections,  27 

construction*  554 
triangles,  formulas,  82 
Spherulites.  228.  372 
Splendent  luster,  189 
Splintery  fracture,  152 
Square  prisms.  54,  59 

pyramids,  65,  56,  59 
Stalactilic  structure,  148 
Stauroscope,  181,  221 
Stellated  slructui-e.  142 
Streak,  187 
Strength  of  double  refraction,  172.  197»  196 

212 
Striatioiis.  136 

Strike  figure  tJ.  Percussion-figure,  140 
Strontium,  test  for,  259,  266 
Sublimate,  260 
Subtranslucent.  186 
Subtrausparcnt.  186 
Subvitreous,  188 
Sulphates,  test  for,  262 
Sulphides,  246,  266 
Sulpho-salts,  248 
Sulphur,  test  for.  255,  260, 266 
Sulphurous  odor,  288 


ftlSBEil.  IXDKX. 


BwelliDg  op.  258 
Bxmbol.  cbonicftl,  940 

cfysullogivpliSc.  Si 
SjnuneCrj,  8 

axis  of.  9 
oenttrr  of.  10 
CJLhibiUrd   bj 

tioa.29 
gn>ap»of.  IS 
plaDes  of.  9 
Sjntbesi*.  mineml.  S5S 
System,  hexagonal.  05 
is  uici  ric.  33 
moDi»c1:Dic.  9B 
ortljorh«tuiliic.  89 
rbombobedral,  74 
tetragonal,  53 
triclifiic.  100 
Systems  of  crystal  lizatioo,  IS 


TsDgeDt  relatioo,  31 

Taruisb.  190 

Tasie.  238 

Tellurium,  tests  for.  260.  201,  2t7 

Tenacity,  154 

Test  paper,  250 

Tetartobedral  forms.  18 

groups.  51,  (S3 

Tetragonal  cryst^iN.  53 

scalenoheilroD.  62 
symmetry.  10 
system.  5^;  15 
tnipezoiiedroD.  03 
trisoctabedroD.  38 
tri.stetialie<lroD,  48 

Tetrahedral  group.  46, 51 

Telrahedrite  lype,  40 

TetrabedroD.  46 

Tetrabexabedron.  30 

Tetravalent  element,  244 

Theodolite  goniometer.  117 

Thermo-electricity,  235 

Third-order  prism,  59.  71 

pyramid.  5'.*,  71 
rboinbobedron.  81 

Thoulet  solution.  158 

Tin.  test  for.  261 ,  262,  207 

Titanium,  teflt  for.  264.  267 

Total  reflection.  169 

reHe<tonufer.  ISO 

Tourmaline  iyp<-.  79 
ion 'IS.  181 

Tratislucenl.  186 

TninspureiK y.  Ib6 

Transparent.  186 

Trapecobedral  group,  63.  73.  82 

Trapezobedron,  38,  63,  74,  82 

hexagonal.  74 
te^raonal,  08 
trigonal.  82 

Tribasic  acid,  244 

Trichite,  140 


Triclinic  o^stals,  100 

optical  chancten  oC»  22S 
diriskMi.  74 
system.  106 
syiiimeir}',  9 
TrigoMd  prisiu.  83 

pyramid.  8S 
Irspezohtrdion,  89 
tri^octaliedroo.  SO 
tristetiabedn^,  48 
Trigondodecabedron,  48 
Trigonotype  gitnip.  74 
Trimorpbous,  251 
Trisoctabedr«'i>s  30.  88 
Tri-rliombuheiirul  group,  80 
Tristetnibedn>ns.  48 
Triralent  element.  244 
Truncate,  truncation.  35 
Tungsten,  test  for.  207 
Twin  crystals^  118 

drawing  of,  559 
optical  characters,  226 
Twinning  axis,  119 

plane,  119 
Twinning,  polysynihetic,  121 
repeated.  121 
secondary,  122,  148 

U 

TJIImanite  tvpe,  51 
Ultra-blue,  428 
Uneven  fracture.  152 
Uniaxial  crystals.  192 

optical  characters,  193 
examination.  197 
Unit  form,  25 

prism.  51.  90.  101.  107 

pyramid.  92.  101,  107 
Univalent  element.  244 
Unmetal:ic  luster.  188 
Uranium,  tests  for.  203.  204.  207 
Uralitizatiou,  401 


Vuk-nce.  244 

Vanadium,  test  for.  203.  204.  267 

Velocity  of  light.  162 

relation  to  refractive  in- 
dix,  168 
Vanadates.  112 
Vesicular  l>ead,  135 
Vibration-directions,  197.  203.  211 

relation  to  ether-axes.  211 
Vicinal  forms.  20.  41 
Vitreous  luster,  188 

W 

Water  of  crystallization,  248 
Water-waves,  161 
Wave-front,  168 
Wave-length,  102.  104 
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WaTe-motiou,  161 
Wave-surfaoe,  biaxlnl  crystals.  204 

iiuiaxial  crystals,  194 
Waxy  lusier.  89 
Wesiphal  balimce,  148 
White  light.  164 
WidmansULtten  lines,  281 
Wulteuitetype,  61 


X-rays,  280 


Zinc,  test  for.  261,  267 
Zircon  type,  53 
Zirconium,  lest  for.  267 
Zircouoid,  57 
Zcmul  (^nations.  29 
Zone.  26.  29 
2^)ne-nxis.  26 
Zone-circle.  27 
Zone-symbol,  28 
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Aarite,  «.  Arite,  295 
Abriacbanite.  404 
Acadialite,  458 
Acanthite.  290 
Acerdese,  v.  Manganite 
Achmutite,  439 
Acbroiie.  448 
Acniite,  391 

Actinolite,  Actinote,  400 
Ailamantine  spar,  333 
Adamine,  505 
Adamite,  505 
Adelite,  502 

Adipocire,  r.  Hatcbettite 
Adular.  Adalaria,  372 
iCdelite.  442 
i£girine.  391 
^iririie.  391 
JSgirite-uugite.  390 
i£iiigmatite.  405 
^scliyDilc.  493 
Ag}ilit«,  480 
Aimlmntolite.  466 
Agaric  mineral,  356 
Agate,  326 
Airaie  ia»»p(T,  827 
Agriroiite,  419 
Agtiilaiite.  289 
Aikitiite,  310 
Alubandin,  292 
Al.ibandite.  292 
Alabater,  532 

Oriental,  356 
Alalitf.  388 
Aluskaite.  3^)8 
Alaiin.  V  Alum,  585 
Alniinstein,  537 
A I  •riiie,  545 
Al  iie,  377 
ANxandrite,  34V 
Algodonite   286 
Al'wnite.  288 
Allactite.  Allnktit,  506 
Alla^te   396 
Allauiie,  440 
Alleniontite,  275 


Allocbroite,  417 
Alloclasite,  Ailoklas,  804 
Allopalladiiiro,  281 
Allopbaue,  483 
Almaodiue,  Almandite,  416; 

338 
A]Bhe<lite,  486 
Alston  ite,  t.  Bromlite,  862 
Altaite.  288 
Alum,  535 
Alumian,  530 
Alumina,  333 
ALU  MI  NATES,  337  et  $eq, 
Aluminiie.  537 
Aluminium  borate,  518 

carbonate,  366 

chloride.  321 

fluorides,  321.  328 

hydrates.  348,  351 

mellate,  542 

oxide.  333,  348.  a51 

phosphates.  506,  510,  etc. 

silicalts,   431.    432.   433, 
434,  481.  482,  483,  eU. 

sulphates.  523,  530,  535. 
537 
Aluminium  ore.  351 
Alumstone.  537 
Aluuiie.  537 
Alunogen,  535 
Alurgite.  470 
Amalgam.  279 
Amurantite,  536 
Amazon  lie,  374 
Amazonstonc.  374 
Aml>er.  543;  276 
Amblygoiiite.  508 
Amblystcgite.  386 
Amesite.  475 
Amethyst,  326 

Oriental.  333 
Amianthus,  401,  477 
Ammiolite,  516 
Ammonium,  carbonate,  864 

chloride  319 

oxalate.  542 

pho«tphaies.  510,  etc. 

sulphates,  528,  «t6. 


Amphibole,  899 
Amphibolb  Group,  897 
Ampbibole-an  thoph/llite»401 
Amphig^ne,  881 
Amphodelite,  380 
Analcime,  46i0 
Analcite,  460 
Anatase.  346 
Audalusite,  433 
Andesine,  379 
Andorite.  308 
Andradite,  417 
Andrewsite,  514 
Anglesite.  527 
Anhydrite,  528 
Animikite,  286 
Ankedte,  358 
Annabergite.  509 
InnerOdite.  493 
Annite,  470 
Anomite.  468 
Anorthite.  380 

Anorihoclase,  Anortho8e«  874 
Anthophyllite.  398 

Hydrous.  398 
Anthracite.  546 
Antigorite,  477 
Antimonarsen.  v.  Allemontite 
Antimonatks.  516 
Aniimonblende.  305 
Antimonglanz.  288 
Antimonides.  296,  etc. 
Antimonite,  283 
Antimonites,  516 
Antiinonnickel,  296 
Antimonsilber.  286 
AntimonsilberbleDde.  811 
Antimony,  Arsenical,  275 

Gray,  283 

Native,  275 

Red.  t>.  Kermesite 

White.  330 
Antimony  oxides,  830 

oxvsulphide,  805 

sulphide.  283,  284 
An timon blende,  v.  Kermeslta 
Antimony  glance.  288 
Antlerite,  580 
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Apatite,  497 

ApbaD^«  Aphauesite,  505 
Aphrite,  855 
Apbrizite,  448 
Apbi*oi(iderite.  475 
Aphtlialosc,  528 
Aphthiialite.  528 
ApiohDite.  587 
Apfotne.  417 
Apopbyliit«,  452 
Apotoine,  526 
Aquamarine.  406 
Ancoxeiie,  505 
Arugonite,  361 
Arcauite,  523 
ArdcDiiite,  445 
Arendalite,  489 
ArfvedsoDite,  405 
Argentine,  355 
Argentite.  288 

Argeniobismutite,  v.Matiltide 
Argyrodite,  316 
Arite.  295 
Arknnsite,  847 
Arquerite.  279 

Arragonite,  v,  Aragooite,  861 
Akbenates,  494 
Arsenic,  274 

Antimonial.  276 

Native,  274 

Wbite.  380 
Arsenic  oxide,  880 

sulpbide.  282 
Arsbnidrb  285 
Arsenikalkics,  308 
Arseuikkies,  303 
Arseuiopleite.  507 
Arson iosiderite,  506 
Arseokics.  308 
Arsenolite.  330 
Arseuopyrite.  308 
Arsensilber blende,  811 
Asbestos,  Asbcstus,  401,  477 

Blue.  404 
Asbolan,  352 
Asbolite.  352 
Ascbarite,  519 
Asmanite,  828 
Asparagus  stone,  498 
Aspasiolite,  408 
Asphaltuin.  545 
Asteria.  388 
Asteriated  quartz,  826 

sap|)bir(\  338 
Astrakanite.  535 
Astropbyllite,  467 
Aucamit«.  322 
Ateleslite.  507 
Atopite.  516 
Attacolite,  518 
Auerlite,  480 
Augelite,  513 
Auglie.  390 
Auralite,  408 


Aurichalcite.  866 
Auripigruentum,  288 
Automolite.  839 
Autunite,  515 
Aventurine  feldspar,  878 

quartz,  826 
Ax-stone,  394 
Axinite,  441 
Awaruite,  281 
Azurite,  865 


B 


Babingtonite,  896 
Badiieleyite,  346 
Bagrationite,  489 
Baikalitc.  389 
Balas  ruby,  888 
Ballimorite,  477 
Bamlile,  434 
Baricalcite,  856 
Barite,  524 
Barium  carbonate,  862,  884 

nitrate,  517 

silicate.  878, 881,408,454, 
456.  460,  etc, 

sulpbate.  524 
Bariumuranit,  515 
Barkevikite,  405 
Barrandite,  510 
Barsowite,  481 
Barylite.  408 
Barysilite,  408 
Baryt,  Barytas,  524 
Baryta,  «.  Barium 
Baryta-feldspar,  878.  881 
Barytocalcite.  364 
Baryturanit.  515 
Basanite,  827 
Bastite.  886 

Bastnftsite,  Bastnaesite,  864 
Batbvillite,  548 
Btitracbite,  422 
Bauxite,  350 
Bayldonite.  511 
Beaumontite,  454 
Beauxite,  850 
Becbilite,  521 
Beegerite,  314 
Beilstein,  v.  Nepbrit« 
Bell-metal  ore.  815 
Beloncsite,  543 
Bementite,  484 
Beniun'tc,  518 
Bergamaskite,  402 
Bergblau.  v.  Azurite 
Bergkrvstall.  v.  QuarU 
Bergholz,  40i 
Bergleder,  401 
Bergman nite.  461 
Borgmebl.  ^56 
Bergmilcb.  356 
BergOl.  544 
Bergpecb,  545 


Bergsals,  818 

Bergseife,  482 

Bergtheer.  v.  Pittasphalt,  544 

Berlinite,  518 

Bernstein,  548 

Berthierite,  308 

Bertraudite,  446 

Beryl.  405 

Beryllium  alaminnte,  842 

borate,  518 

phosp!iate,  508 

silicate.    405.   407,    428, 
486.446 
Beryllouite.  496 
Berzeliaiiite.  289 
Berzeliite.  495 
Beudaiitite,  516 
Beyrichite.  295 
Bieberite,  534 
BildKtein,  v.  Agalmatolite 
Bindbeimlte,  516 
Binnite,  308 
Biotina,  Biotine,  881 
Biotitc,  467 
Biscbofile,  828 
Bismite,  830 
Bismutb.  Native,  275 
Bismuth  arsenate,  507 

carbonate,  864.  867 

oxide.  330 

oxy chloride.  822 

selenide,  284 

silicate,  414 

sulpbide.  284 

tellurate.  588 

telluride,  384 

urauate,  515 

vanadate,  496 
Bismuth  glance,  384 
Bismuth  gold,  276 
Bismuth  ocher.  880 
Bismutbinite.  284 
Bismutite.  867 
Bismutosmaltite,  803 
Bismutosph«erite,  864 
Bittersalz.  v,  £psoinite 
Bitter    spar,    Bitterspath,  % 

Dolomite 
Bitumen,  544.  546 
Bituminous  coal,  546 
Bixbyite,  848 
Bielkite.  809 
Black  jack.  291 
Black  lead.  278 
Bl&ttertellur,    v.   Nagyagm 

805 
Blaueisenerde,  v.  Yiyianite 
Blei,  GediegeD.  279 
Bleiantimonglaoz,.107 
Bleiglanz,  287 
Bleinidre.  Bleinierite^ «.  Btadf 

heiraite 
Bleiscbwelf.  388 
Bleivitrol,  637 
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Blende.  SOI 
Blddite,  535 
Bloedite.  Bloedite,  535 
BloodstoDe,  826 
Blue  asbestus,  404 

iron  earth,  508 

John,  320 

malachite,  v.  Azniite 

vitriol.  534 
BobierHte,  508 
Boghead  cannel,  546 
Bog-iron  ore.  350 

maneanese.  353 
Bole.  Bolus.  482 
Boleite.  322 
Bologna  stone,  525 
Boltonite,  422 
Bone- phosphate,  489 

turquoise.  512 
Bonsdorffite,  408 
Boon,  272 
Boracic  acid.  853 
Boracite,  518 
Borates.  518 
Borax.  520 
Borickite,  514 
Boric  acid,  853 
Bomite,  297 
Boron  hydrate,  853 

silicate.  431,  485 
BorouHtrocalcite,  520 
Bort,  2r2 
Bostonite,  478 
Botryogen,  587 
Botryolite.  486 
Bonlangerite.  309 
Bouruonite,  310 
Boussingiiultite,  585 
Bowenite.  477 
Braclcebiischite.  505 
Bnigite.  490 
Brandisite,  471 
Brandtite.  507 
Brauneisenstein,  350 
Braunite.  343 
Braunkohle.  546 
Braunstein.  Grauer,  9,  Pyro- 

lusitc 
Brazilian  pebble,  325 

emerald.  448 

sapphire.  448 
Brazilite,  346 
Bredbergite.  417 
Breislakite.  402 
Breithauptile.  296 
Breuuerite.  858 
Breiinnerite.  358 
Brevicile.  461 
Brewsterite,  454 
Brittle  silver  ore,  314 
Brocbantite.  530 
BrCgirerite.  521 
Bromides.  319 
Bromlite,  362 


Bromyrite,  819 

Brougnartine,  580 

Brongniardite,  809 

Bronzite,  385 

Brookite,  847 

Brown  coal,  546 
iron  ore,  850 
iron  stone.  850 
hematite.  850 
ocher,  850 
spar.  86S 

Brucite.  351 

Brush  ite.  510 

Bucholzite.  484 

Bucklandite,  489.  440 

Buhrstone,  827 

Bunsenite.  9Sfi 

Buntkupfererz,  997 

Burrstone,  d27 

Bushmanite,  585 

Bustamite.  896 

Buttermilcherz,  819 

Byssolite.  401 

Bytownite.  879 


Cabreite,  509 
Cacholong,  839 
Cacoxenite,  Cacoxene,  518 
Cadmia,  447 
Cadmium  sulphide,  294 
Cadmium  blende,  v,  Oreen- 

ockite,  294 
Cssium  silicate,  882 
Caiiiosite,  t.  Cenosite,  488 
Cairngorm  stone.  326 
Cakiug:  coal,  546 
Calamine,  446;  360 
Calaverite,  305 
Calc  siuter,  856 

spar,  854 

tufa.  356 
Calcioferrile.  514 
Calciostrontinnite,  868 
Calciovolborthite.  505 
Calcite.  854 
Calcium  arsenate.  510,  etc 

autiiiiouate,  516 

borate.  519,  520,  ete. 

carbonate.  354,  861 

chloride.  821 

fluoride,  320 

icxiale.  517 

molybdate.  541 

niobatc.  489,  etc, 

nitrate,  517 

oxalate.  542 

oxyfliioride.  822 

phosphate.  497,  507,  510, 
ete. 

silicate.  395.  880,  ete. 

sulphate.  538,  531,  §(6. 

lulphide,  292 


Calcium  tantalate,  489 
titanate,  485,  487 
tungstate,  540 

Caledonite,  580 

Callainite.  Calhiis,  510 

Calomel.  317 

Campylite,  500 

Canaanite,  889 

Cancrinite,  411 

Canfleldite.  316 

Cannel  coal.  546 

Caoutchouc,  Mineral,  545 

Capillary  pyrites,  295 

Caporcianite,  457 

Cappelenite.  407 

Caraciilite,  580 

Carbon.  272 

Carbonado.  272 

Carbonatks.  858 

Carminite,  496 

Carminspath,  496 

Carnatlite,  823 

Carnelian,  326 

Cameo],  «.  Carnelian 

Carpholite,  447 

Carphosiderite,  586 

CarrolHte,  297 

Caiyinite,  495 

Caryocerite,  407 

Caryopilite.  484 

Caasiterite.  844 

Castanite,  586 

Castor,  Castorite,  869 

Caswellite,  469 

CaUpleiite,  407 

Cataspilite,  408 

Cat's-eye.  342,  826 

Cauk.  Cawk.  525 

Celadonite,  481 

Celestine,  526 

Celestite,  526 

Ceisian.  881 

Cenosite,  488 

Cerargyrite,  819 

Cerite,  447 

Cerium  carbonate,  864 
fluoride.  321 ,  322 
niobates,  489 
phosphates.  495.  509 
silicates,  440  447.487,1 

Cerussite,  Cerusite,  868 

Cervantite.  330 

Ceylanite,  Ceylonite,  888 

Chabasie,  458 

Chabazitc.  458 

Chalcanthite.  584 

Chalcetiouy.  326 

Chalcocite,  290 

Chalcodite.  476 

Chalcomeuite.  538 

Chalcophanite,  852 

Chalcophyllite.  511 

Chalcopyrite.  297 

Chalcos^erite,  514 
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OhalcoiiDe,  290 
Chalcostibite,  806 
Cbalcotrichite,  881 
Chalk,  856 

FreDch.  479 
Chaljbite,  869 
CbamoiBite.  Cbamosite,  476 
Chatbamite.  801 
Cbemawinite,  548 
Cbenevizite,  514 
Chert,  827 
Cbessj  copper,  865 
Cbe8S>lite,  865 
Chesteilite,  874 
CbiasU'lite.  488 
CbildreDite.  518 
Cbilenite,  286 
Cbiolite,  821 
Cbiviatite,  807 
CbladDite.  884 
Cbloanthite.  801 
CbloTalluminite,  SSfl 
Cblorapatite,  498 
Cb]orblei,  v,  CotunDite 
Chlorides,  817 
Chlorite,  472 
Chlorite  Group,  472 
Chloritoid,  471 
CbloritBpatb,  471 
Chlorocalcite.  821 
Cbloromnguesite,  821 
CbloromelaDite,  894 
Chloropal,  484 
Cbloropbffiite,  475 
Chloropbane,  820 
Cbloropbyllite.  408 
Cblorquecksilber,  817 
ChlorospiDel,  838 
Chlorsilber  o.  Cerargyrite 
Cbondrarsenite,  505 
Cboudrodite,  443 
Cbrismatine,  Cbrismatite,  548 
Christ ianite,  381 
Cbristobalite,  828 
Cbristopbite,  291 
Chromates,  529,  etc. 
Chrome  diopside,  889 
Chrome  spinel,  338 
Cbromeisenstein,  v.  Chromite 
Chromic  iroD,  341 
Chromite,  841 
Chromium  oxide,  841 

sulphate,  637 

sulphide,  297 
Chrysoberyl,  842 
Chrysooolfa.  483 
Chrysolite.  420 
Chrysolite  Group,  419 
Chrysopmse.  326 
Chrysntile,  477 
Churchite.  509 
Cimolite,  482 
Ciunabar.  293 

Inflammable,  544 


CionamoD-stOQe,  416 

Cirrolite.  506 

CitriDe,  826 

Clarite,  815 

Claudetite.  880 

Clausthalite,  288 

Clay,  4S\  ei  uq. 

Clay  iron-stone,  885 
Brown,  850 

Cleavelandite,  878 

Cleiophane,  292 

Cieveite.  521 

Cliftoniie.  273 

Clinochlore,  478 

Clinoclase,  505 

Clinoclasite,  505 

Cliuobedrite.  447 

Clinohumite,  448 

Clintonite,  471 

Clintonite  Group,  470 

Clinozoisite,  489 

Coal,  Mineral,  645.  546 

Cobalt  arsenate.  507,  509 
carbonate,  361,  867 
arsenide,   801,   802,  803, 

804 
selenite,  588 
sulph-arseuide,  801 
sulphate.  584 

Cobalt  sulphide,  301 

Cobalt  bloom,  609 

Cobalt  glance,  v.  Cobaltite 

Coballine,  801 

Cobaltite.  301 

Cobaltomenite,  588 

Coccolite,  889 

Coelestine.  526 

Coeruleolactite,  518 

Coheuite,  281 

Coke.  546 

Colemanite,  519 

COlestiuc,  V.  Celestite 

Collophanite.  507 

Collyrile.  483 

Colophonite,  417,  428 

Coloradoite,  292 

COLUMBATES,    V,    NiOBATBS, 

489 
Columbite.  490 
Comptonite,  463 
Confolensitc,  482 
Couichalcite.  511 
Couuarite.  480 
Connellite.  530 
Cookeite.  467 
Copal.  Fossil.  543 
Copaline,  Copalite,  548 
Copiapite.  536 
Copper,  278 

Emerald,  v,  Dioptase,  424 

Gray.  312 

Indigo,  «.  Covellite,  294 

Native.  278 

Red.  V,  Cuprite,  880 


Copper,  Vitreous,  ••  ObaloOi 
cite.  290 
Yellow,  297 

Copper  arsenate,  604, 606^  6U, 
etc, 
arsenide,  286 
carbonate.  864,  865 
chloride,  317.  822, 
maDganate.  848 
iodide,  317,  819 
nitrate,  517 
oxides.  831.  882 
ozychloridea,  822,  828 
phosphates.  504,  511,  €k. 
selenides.  289 
seleuite.  538 
silicates.  424,  488 
sulphantimouate,  815 
sulphantimonitea,  806  ti 

$eo. 
sulpharsenates,  815 
sulpharsenite,  808,  etc 
sulphates.  528,  580;  hy- 
drous, 534  et  mq. 
sulphides,  290,  294, 297  et 

seq. 
sulpho-bismuthites,  808 
tungstate.  541 
vanadates,  505 

Copper  glance.  290 

Copper  n)ica.  515 

Copper  nickel.  295 

Copper  pyrites,  297 

Copper  uranite,  515 

Copper  vitriol,  534 

Copi^eras,  584 

Coprolites,  499 

Coquimbite.  535 

Conlierite,  407 

Corn  wall  ite,  511 

Corundophilite.  475 

Corundum.  838 

Corynite.  302 

Cosalite.  809 

Cossyrite,  405 

Cotunnite,  321 

Couseranile.  426 

Covellite.  Covelline,  294 

Crednerite,  343 

Crichtonile.  887 

Cristobal  ite,  328 

Crocnlite.  462 

Crocidolite.  404 

Crocoite,  Crocoislte.  629 

Ci-omfordite. «.  Phosgenitt 

Cronstedtite.  475 

Crookesite,  289 

Crossite,  405 

Cryolite,  821 

Cryophvllite,  467 

Cryptofite.  495 

Cryptoperthite,  878 

Cuban.  297 

Cubauite,  297 
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Cube  ore.  t.  Fbarmaco^er' 

DiiinhnHle.  309 

Eleclnim,276,548 

ite 

Diaspore.  348 

Eleiiietiis,  371  et  uo. 

Cube  Bpar.  «.  Aobydritfl 

Dial.  .11)  iU',  329 

EleuUte.  410 

CulMceeile.  476 

Dicliioile,  407 

EleunoHle.  513 

CiJiLieuglle,  322 

DickJiiouiiitv.  507 

Elpiiliic.  407 

DiHricliite.  5SS 

EiuboUle,  819 

Cuprlie.  330 

DktZi-iie.  517 

Embrhbile,  809 

CiiproblBmulIte.  307 

Dihytiriie.  505 

Emerald.  40(1 

Cuproaeacltiiziie.  505 

DiopHide.  388 

Orienlal,  406 

Cupruiudargyrite.  S19 

Dioplast.  4-J4 

UriitiaD.  418 

Di   vrc   42B 

Emerald  copper,  v.  Dfopta^ 

CupniHclifeliie.  iS41 

Ulsienite.  471 

434 

Disibetie.  484 

Emerald  nickel,  867 

Cuspidine,  441 

l)r,K-u.<.il,  a|.i,r,  856 

Emery.  838 

Oyunite.  434 

)ol,nipliHi)lle.  630 

Doloiiuu-.  W7 

Emplecliie,  Emplekllt.  806 

Cynnolrlcliile,  SM 

).>iiieyklte,  380 

Enarpile.  815 

Cyclopia,  880 

liimiimiu-.  tot! 

EudelHoulte.   c.   BouniODitih 

Cylladiite.  316 

Doi-pelKj-iill.   355 

310 

Cymatolile,  398 

Do|ipleriie,J>44 

En<llirl,ile.  501 

Cymophnne,  343 

Doiilil    Ti.-rniril[)e  Bpar,  866 

Jv.=iMJr<.-,  aM4 

CypriDB.  428 

I>..iJH:l,LBile,  323 

K..^i.l...rh..  514 

Cyprugiic.  537 

UiPilitv,  5-5 

E|>i I»uj:<'nte.  310     ' 

Cynolile,  430 

Diy  U)iie.  860 

Epiclilortte.  475 

imaU-ylie.  476 

EpHlidvmile.  369 

D 

Diifretiiie.  600 

Ei'lDoTE  Uioiip,  487 

)iifiri..,ysUp.309 

Epi.tole,  488 

DahlHle.  499 

nuMLorlk.iH'.  449 

Epigt-nitc.  :n5 

DumouHte.  46S 

Diiniiigil...  503 

EpiaiilljiK.'.  454 

Daimile,  304 

Diiriietilte.  588 

Epsom  «bU,  688 

Diinnlile.  414 

Dy-«.iiHlyi.-,  488 

EpsomllB,  533 

)anbiirite,  431 

Dyscrhfiile,  2S8 

Erbium  tiinbnte.  490.  498 

l).<iii>cmoiik^  401 

Dysliiit.'.  339 

Ell'^ensleirj.  356 

Dttrapskhe.  5  7 

Dvscilllc  544 

Erdkoball.t.Asbolite 

DnIbnIilB,  435 

Dysxniie.  390 

ErdOl.  644 

Dalolitc.  Dniolilh.  488 

Dysyetribite.  «0,4M 

Enlpf<;b,645 

Dnubreeile.  DHiibrelle,  822 

Enlwachg,  543 

Datitireelite,  a97 

E 

EriLlle,  505 

D»vi(i«mi  «-.  406 

ErubeM:i1e,  yW 

Davieslte.  333 

Ecdemiie,  616 
Eciiiiii-deMer.480 

Eryltirile.  500 

DiiTyre,  DnHna.  411 

Eryllirosiilerile.  828 

DnwKonitc,  3<Ht 

EilcIilL-,  442 

Enili">7.i"clte,  3»S 

Edenile,  403 

EMi.»iki<c. -108 

Dilessite.  475 

E<litit!tiiiiltp.  460 

K-5<„ur(>,  4i>! 

Delpblnitc.  439 

EKeniii.4-J8 

rnriiiplle,  588 

DclvRuiItc,  Drlvatixene,  618 

Elilitf.  5(15 

Eiicairiic.  289 

Deniani.  r   Dinmoml.  871 

Eicbwniaiw,  (118 

E.nhio^e  511 

Deinniilolfi,   417 

Eiwi..  r.   Iron,  281 

EiicUm,.  430 

Ef<»'nhlnLi.  r.  VWiunite 

Euc.lile.  407 

':'                  .    ^  320 

EEsi-nlilnthe.  .<S61 

EiicoKtc-iiianlle,  48S 

EisenplBt.!!,  831 

Eiicryptitu,  410 
Eiidiafvie.  407 

Diamine,  its 

Eis«iiL'limm<T.  385 

I).siii..aite.  S16 

Ei-enk!-!..  300.  308 

EiKlidvmiie.869 

]>ewKlqu<i«,  44S 

KiMMiiiii-kclkicH.  203 

Eiidyidiie,  407 

Ihfwtvllte.  479 

Eiiei-r>)<latiz.  3U 
Eiiknirirr.  28ft 

EiKelirnbm.  311 

I>m(1<>cliil'>.  S16 

Eiiklw,  436 

DiullaRe.  389 

Ei't^[ispi>lli.  3^)9 

Eulyline,414 

]>i>illot'i(c,  Dialodte,  359 

Eiiu'DfiliiHsFiirllte,  019 

Eiilytile.  414 

Diamnnl,  271 

Eisspnth,  372 

EupynLioite.  498 

Dianioml.  271 

Eifwicili.  ;«1 

Enmllre.  476 

ninnionil,      Bristol,       Lake 

Ek.icmire.  516 

Euaynrliito.  500 

Girorpe.  325 

Eln'oliK-,  410 

EiixeiMU>.493 

Piaaite.  491 

Eluieiiiu.  545 

ETau8ile,618 
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Facellite,  410 
F&blerz.  Fahlore,  312 
FahluDite,  408 
Fairfieldite.  507 
Falkenbayoite.  812 
Famatinite,  315 
Faserkiesel.  434 
Faserzeolith,  v.  Natrolite 
Fassaite,  390 
Faujasire,  460 
Fkyalite.  422 

Featber-alum,  o.  Halotrlchite 
Feather -ore,  309 
Federerz,  309 
Fbliwpar  Group,  369 
Feldspar,  Baryta,  373,  381 

Blue  f .  Lazulite 

CommoQ.  372 

Glaaay,  372 

Labrador,  379 

Lime,  380 

Potash,  370,  378 

Soda,  377 
FelsObanyite.  537 
Felspar,  v.  Feldspar 
Fergusonite,  490 
Fbrratbs.  337 
Ferrocalcite,  356 
Ferro^oslarite.  583 
Ferronatrite,  536 
Feuerblende  f .  Pyrottilpnite, 

312 
Fibroferrite.  536 
Fibrolite,  433 
Fichtelite.  543 
Fiedlerite,  322 
Flllowite,  507 
Fiorite,  329 
Fire  opal.  329 

marble,  866 
Firebleode    v.  Pyrostilpnite, 

312 
Fischerite.  512 
Fltehes  d'amour,  845 
Flinkite.  506 
Flint,  327 
Float-stODc,  329 
Flos  ferri.  361 
Fluellite,  323 
Fluocerite.  322 
Fluor  t).  Fluorite, 
Fluor-aputite.  498 
Fluor  spar,  320 
Fluorides,  320  et  seq. 
Fluorite.  320 
Flussspath,  320 
Foliated    tellurium  v.   Nag- 

yagite.  305 
FontHliieblcau  limestone,  355 
Footeite.  323 
Forbesite.  510 
Forsterite,  422 


Fossil  copal,  548 

wood.  326,  829 
Fouqueite,  439 
Fowlerite.  396 
Fraockeite,  316 
Fraucolite,  498 
FraokliDite,  341 
Fraueneis,  v,  Selenite 
Frauenglas.  t.  Mica 
Frfdricite.  313 
Freibergite.  313 
FreieslebeDite,  309 
French  chalk,  479 
Frenzelite,  284 
Friedelite.  424 
Frieseite,  290 
Fuchsite,  466 

a 

Gadolinite,  486 
Gkbnite.  339 
Galactite,  461 
Galapectite,  482 
Galena,  Galenite,  287 
Galena.  False.  291 
Galenobisinutite,  806 
Galmei.  446 
Ganomalite,  408 
Ganopbyllite,  452 
Garnet,  415 

Cinnamon,  416 

Chrome.  417 

Grossular,  416 

Oriental,  416 

Precious,  416 

Tetrahedral,  f.  Helfite 

While,  V.  Leucite 
Garnierite,  479 
Gastaldite.  404 
Gay-Lussite,  366 
Gearksuiiie.  328 
Gedanite.  543 
Gedrite,  398 
Gehlenite,  427 
Geikiclite.  488 
Gekr5s8tein.  528 
Gelbbleierz.  541 
Gclbeisenerz,  537 
Gelbeisenstein,  350 
Genthite.  479 
Geocerellite,  544 
Geocerile.  544 
Geocronite,  314 
Geomyricite,  544 
Gerliardlite.  517 
Gbkmanatbs.  316 
Gersdortfite,  302 
Geyerite.  308 
Geyserite,  329 
Gibbsite.  351 
Gieseckite.  410.  466 
Gigiintolite.  408,  466 
Gilbertile,  4J5 


1 


Gi]8onite.  545 
Gips,  V.  Gypsum 
Gira»ol,  829 
Gismondine,  467 
Gismoudite,  457 
Glance  coal,  546 

Cobalt,  V.  Cobaltile 

Copper.  «.  Chalcocite 
Glanzefsenerz.  335 
Glanzkohle.  546 
Glaserite,  v.  Aphthitalite 
Glaskopf,  Brauiicr.  350 

Bother,  «.  Hematite, 
Glassy  Feldspar.  372 
Glauber  salt.  581 
Glauberite,  528 
Glaucodot,  304 
Glaucolite.  426 
Glauconite,  481 
Glaucophane,  40S 
Glaukodot.  304 
Glessite,  548 
Glimmer,  v.  Mica 
Globosite,  518 
Glockerite,  586 
Glucinum,  o.  Beryllium 
Gmelinite.  459 
Goetbite.  849 
Gold.  275 

Gold  tellurides,  804,  806 
Goshen  ite,  406 
Goslarite,  588 
G<>thite,  849 
Goyazite,  514 
Grahamite,  545 
Gramenite,  Graminite,  4M 
Graramatite,  401 
Granat,  «.  Garnet 
Graphic  tellurium,  804 
Graphite.  278 
Gray  antimony.  288 

copper,  312 
Greeo  lead  ore,  499 
Greenockite,  294 
Greenovite,  486 
Grenat.  v.  Garnet 
Griphite.  502 

Grossular.  Grossalarite,  41C 
Grotliite.  486 
GrQnauite.  296 
QrQnbleierz,  499 
GrQneisenerdc,  «.  Dufienlt^ 
Granerite.  401 
Guadalcuzarite,  292 
Guanajuutite,  284 
Guano,  499 
Guariniie,  487 
Guejarite.  308 
Guitermanite,  810 
Gummierz.  522 
Gummite,  522 
Oymnite,  479 
Gypsum,  Gypa»  681 
Gyrolite.  4XSi 
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flaarkies,  295,  803 
Uaarsalz.  533 

Hematite,  v.  Hematite,  384 
Haidinflrerite.  510 
Hair  salt,  533 
Halite,  318 
Hnllite,  476 
hailoysiie.  481 
HHlotricbite.  585 
Haniurtite.  864 
HMinliergite.  518 
Hnmliiiite,  503 
Hnnksile,  530 
Hauiiayite,  510 
Haplome.  417 
Harlequin  optil,  r.  Opal 
Harmotome,  456 
Harstigite,  442 
Hartite,  548 
Hasttngsite,  402 
Hatchettioe,  Hatchettite,  548 
Hatchettolite.  489 
Haucbecoroite,  295 
Hauerite,  801 
HaaghtODite,  468 
Haatmaunite,  848 
Hautefeuillite,  508 
Haayne,  412 
Haaynite.  412 
Haydenite,  458 
Heavy  ipar,  524 
Hebronite,  508 
Hedenbergite,  889 
Hedypbaue,  501 
HeiDtzite.  520 
Heliopliyllite.  616 
Heliotrope,  326 
Helvite.  HeWine,  414 
Hemafibrite,  511 
Hematite.  384 

Brown,  350 
Heroatolite.  507 
Heiuatostibiite,  507 
Hemimorphite.  446 
Henw(X)dite,  514 
Hepatic  cinnabar,  294 
Hercynite,  839 
Herderite,  503 
Herrengrundite,  586 
Herscbelite.  458 
Hessite.  289 
Hessonite,  416 
Heteroclin.  343 
Heulandite.  454 
Hielmite,  Hjelmit,  498 
Hieratite.  321 
Hiddenite.  393 
Htgbgate  resin,  548 
Uimbeerspatli,  859 
Hintzeite.  520 
Hiortdnhlite.  396 
Hisincerite,  484 


Hoeferite.  484 

Hoernesite,  506 

Hobmannite,  686 

Holzopal,  329 

Holzzinncrz,  844 

Homilite.  436 

Honey-sloue,   Honigitein,    v, 
Mellite 

Hopeite.  507 

HorbjK  hiie.  296 

Horn  quicksilver,  817 

Horn  silver.  319 

HoniMei.  «.  Pbosgenite 

Hnrnblen  le,  399.  402 
I  H5rnesit,  Horiisilber,  819 
j  Hornstoue,  827 

Horse-lifsli  ore,  297 

Horsfordiie,  286 

Hortonolite,  422 

Howlite.  519 

Huautajuyiie.  818 

Hobnerite.  539 

Hullite.  475 

Humboltine.  642 

Humboldtilite,  426 

Humlioldiite,  486 

Huinite.  443 

Huntilite,  286 

Huretiulite.  510 

Hyacinth.  429;  416 

Hyalite,  829 

Hyalopbaue,  878 

Hyalosiderite.  420 

Hyalotekite,  408 

Hydrargillite,  851 

Hydraulic  limestone,  866 

Hydroboracite,  521 

Htdrocarbonb,  548 

Hydrocerussite,  866 

Hydrocynnite.  528 

Hydrofraiikliuite.  862 

Hydrogiobertite,  867 

Hydroliematite,  850 

Hydromniruesite,  867 

Hydromica.  465 

Hydromuscovite,  465 

Hydronepbelite,  468 

Hydropbnne,  329 

Hydrophilite.  821 

Hydrotalcite.  862 

Hydrozincite.  366 

Hyperstbene,  885 

Hyposlilbite,  457 


Iberite.  408 
Ice,  331 
Ice  «par,  372 
Iceland  spar.  355 
IddiniTRire   422 
Idocni«ie.  -127 
Idrialiii(%  Idrialite,  644 


Igelstrdmite,  862 
Ibleite,  536 
Ileaite,  633 
Ilmcnite,  386 
Hmeuonitile,  846 
Ilvaite,  446 
ludianaite,  482 
ludianite,  880 
IndicoHte.  448 
Iiidigoiiie.  448 
Inesite,  452 

IiitlHinmable  cinnabar,  644 
Infusorial  eardi,  829 
lodate  of  calcium,  617 
Iodides.  319 
lodobrumite,  819 
lodyrite,  819 
loUte.  407 

HydrouB,  408 
Iridium,  Native,  280 
Iridosmiue,  280 
Iron,  Chromic,  f.  Ohromite 

Ma^etic,  889 

Meieoric,  281 

Native,  281 

OligiMt.  «.  Hematite 
Iron  aluminate,  889 

arsenates,  608,  609,  #10. 

ardenides,  808 

carbide.  281 

carbonate,  869 

chlorides,  881 

chromate,  841 

columbate.  490 

ferrate,  889 

hydrates.  849,  860,  #10. 

niobate,  490 

oxalate.  548 

oxidi %  884, 389:  hydraUd, 
349,350 

phosphates,  606,  606,  ilO, 
etc. 

silicates.    422,  446.   4761, 
476 

sulpbantimonite.  808 

sulpharsenide.  808 

sulphates,  534.  686,  681^ 
etc, 

sulpliides,  298,  896,  800t 
303 

magnetic,  896 

tantalate.<4.  490 

tellurite.  58S 

titanitte».  336.  348 

tun^stutes.  539,  548 
Iron  alum.  58'') 
Iron  natrolite.  461 
Iron  pyrites.  300,  308 

Mngnet'c.  296 

White.  303 
Iserine.  Iserite,  387 
Isocla^^ite.  511 
Itnbirite.  386 
Itacolumite,  827 
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Jacobsite,  341 
Jade,  898,  804.  401 
Jade  teDuce,  894 
Jadeite,  893 
Jalpaite.  289 
JiimesoDite.  308 
Jurgon,  429 
Jarosite,  537 
JaH[)er,  827 
Jaspopal,  829 
Jefferisiie.  476 
Jefferaonite,  890 
Jeremejevite.  518 
Jet,  546 
JohaDDite,  538 
Jolinstrupite,  487 
Jordnnite.  313 
Joseite.  285 
Josephinite,  281 


Eaersutite.  402 
KHinite.  530 
Kakoxen,  518 
Kaliborite,  520 
Kalifeldspath, «.  Orthoclase 
Kaliglimmer,  464 
^aliniie.  585 
Kaliophilite,  410 
Kulisal peter,  v.  Niter 
Kalkglimiiier,  470 
Kulkspath.  854 
Kalkuranit,  515 
Kali  nit,  v.  Turquols 
Kallilite,  302 
Ealomel.  817 
Kaluszite.  584 
Kamacite,  281 
Kttmmererite,  474 
Kauiarezite,  586 
Knmmkles,  808 
Kampylite.  499 
Kaolin.  4U1 
Eaolinite,  481 
Karininspath,  f.  Carminite 
Earneol,  ©.  Carnelian 
Karstenite,  9.  Anhydrite 
Karyinite,  49i) 
Kataforite,  402 
Katzenau^e,  v.  Cat's-eye 
KautKcliiik.  fossiles,  545 
Kehoeite,  514 
Keilliaiiite,  487 
Kelyphite.  418 
Kentrolite.  446 
Eernoes,  305 
K<  rmesile,  305 
Kerosene,  544 
Kcrrite.  476 
KiMelopban,  837 
Kidney  ore,  335 
stone,  401 


Kieselwismutb,  414 
Kieselzinkerz.  446 
Kieserite,  631 
Kilbrickenite,  314 
KilHnite.  466 
Kjerulfine.  502 
Klaprntbolite.  -307 
Klihoklas.  505 
Klinozoisit.  489 
Knebelite,  422 
Knopite    488 
Knoxvillite,  536 
Kobaltbmtbe.  509 
Kobaltglanz,  t.  Cobnltite 
Kobaltkies,  c  Liiinaeite 
Kobaltspatb,  t.  Sphcerocobal- 

tite 
Kobellite.  309 
Kocbsalz.  r.  Halite 
Koetti);iie,  509 
Kohlc.  545,  546 
Koiilenspatb,  t.  Whewellite 
Koksharovite.  402 
Kongsbcrcriie,  279 
K5uigine,^Kdnigfte,  580 
Koninckite.  510 
Koppite.  489 
Konierupine.  451 
Konind   r.  Corundum 
Kotscbubeite,  478 
KOlligite.  509 
Kmnizite,  543 
Kraurite,  506 
Kreittonite,  389 
Kreniersite,  828 
Krcnnerite,  305 
Krisuvigite,  530 
Krdhnkite.  586 
KrOnkite,  KrOnnkite,  536 
Kryptoj>crtliit.  378 
KupftT,  V.  Copper 
Kupfemntimonglanz,  308 
Kupferblende,  818 
Kupferglanz,  v.  Cbalrocite 
Kupferirlimmer,    v,    Chalco- 

pbyllite 
Kupferiudig,  294 
Kupfeikies,  297 
Kupferlasur,  865 
Kupfernickel,  2115 
Kupfersrbauni.  511 
Ktipfrrunmit,  515 
Kupferviiriol,  584 
Kupfferite,  402 
Kyanite,  434 
Kylindrite,  816 


Labrador  feldspar,  879 
Labradorite,  879 
Lagonite.  519 
Lanipadite,  352 
Lauarkite,  580 


L&ngbanite,  446 

Langbeinite.  523 

Langite,  586 

Lansfordite.  867 

Lantbaoite,  866 

Lanthanum  (•arl>onatey 

Lapis-Iazuli.  418 

Larderellite,  519 

Lasurapatite.  498 

Lasurite,  413 

Latrobite.  880 

Laubanit(>,  457 

Laumonite,  457 

Laumonlite,  457 

Lnurionite,  322 

Laurite,  802 

Lautnrite,  517 

L&venite,  895 

Lavroffite,  Lavrovite,  889 

Law ren cite,  321 
Lawsonite,  447 
Lazulite,  506 
Lazurite.  418 
Lead.  279 

Black,  278 
Native.  279 
White,  «.  Cenissite 
Lead  autimonate.  516 
arsenates,  500 
carbonates.  86'{.  866 
chloride,  821.  822 
cbloro-carbonates,  864 
chroniates,  529 
dioxide.  346 
molybdate.  541 
oxides.  882,  848.  846 
oxychlorides.  822 
phosphate,  409 
selenides,  288,  289 
silicates.  408.  446 
sulphantiniooate,  315 
sulphuu(imonites.808,tff 
sulpharsenites,  808,  etc, 
sulphates,  527,  etc, 
sulphato-carbonate,  529 
sulphide.  287 
sulphobisDiuthites,     801 

ete. 
tellunde.  288 
tungstate,  541 
vanadates.  500,  505 

Lead  glance,  287 

Lead  vitriol,  v.  Anglerite 

Leadhillite.  529 

Lecontite,  581 

Ledererite,  459 

Lederite.  486 

Lehrbachite.  289 

Lennilite,  476 

L(*onhardite,  457 

Leonitc,  585 

Leopoldite,  319 

Lepidolitc.  467 

Lepidomelane,  470 
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Lcpolite.  880 
Lettsomite.  586 
LeucnugiU;,  890 
Leuchteiibergite  473 
Leucite.  8^1 
Leucochalcite,  511 
Leiicomanganite,  507 
Leucopetrite,  544 
LeucophHnite.  407 
Leucopyrite,  808 
Leucoxeae,  887,  486 
Levynite*  Levyne,  459 
Lewisite,  516 
Libetheiiite.  504 
Liebenei-ite,  410.  466 
Liebigite,  867 
LievrTte,  445 
Lignite,  546 
Ligurite,  486 
LilliaDite.  810 
Lime,  v.  Cnlcium 
Lime  uranite,  515 
Limestone,  857 

Hydraulic,  857 

llAgne8iaD,858 
Limonite,  850 
Liuarite,  580 
Lindackerite,  516 
LiDDseite,  207 
Liusenkupfer,  v.  LirocoDite. 

514 
Liuseuerz. 
Liutooite,  462 
Liroconite,  514 
Liskeardite.  513 
Lithia  mica,  467 
LitbioDglimmer.  467 
Litbiopbilite.  496 
Litbium  pliospbntes.  496,  508 

silicates,  898,  410.  467 
Litbograpliic  stone,  856 
Lithomarge,  481 
LiTiDgHtonite.  807 
Loadstone,  Lodestone,  389 
Loeweite.  535 
Loewigite.  538 
L^llingite.  808 
Lorandite,  808 
Lussenite,  516 
L5weite,  585 
Ldwigite.  538 
Loxoclase,  873 
Luckito.  584 
Ludlamite,  513 
Ludwigite,  518 
Luma<;he1:e,  356 
LQneburgilp,  51C 
Lussatite.  826 
Lutecile.  3*28 
LuzoDite.  815 
Lydiuu  stone.  327 

M 

MackiDtosbite,  487 


Made.  438 
Macon ite.  476 
Magnesioferrtte,  341 
Magnesite,  858 
Magnesium  aluminate,  338 

arsenate,  508 

borate-.  519.  520 

carbonates,  858,  866,  367 

ferrate,  841 

fluoride,  821 

bydrate,  851 

molybdate.  542 

oxides.  881,  851 

plKisphatcs.  502.  508,  510 

silicates.    884.    385,   etc; 
419,  448.  476.  479.  480 

sulpbates,  531,  588 

titauale,  488 
Magneteisenstein,  889 
Magnetic  iron  ore,  889 
Magnetic  pyrites,  296 
Magnetite.  889 
Magnetkies,  296 
Mngnoferrite.  841 
MabiCbite.  864 

Blue.  V.  Azurite 

Green.  861 
Malacolite.  888 
Mulacon.  Malakon,430 
Maldonite,  276 
Malinowskite,  818 
Mallurdite.  584 
Maltba,  544 
Manganates,  337 
Mnngnuandalusite,  488 
Mnniruiiapatite.  498 
Mmgaii  blende,  292 
Manganbrucite.  851 
j  Mangancblorite,  474 
,  Manganepidole.  440 
Manganese  antimonate,  507 

arsenates,  502,  505,  506. 
507 

carlH>nate,  359 

oxides.  845 

disulpbide.  301 

bydnitea.  849.  351,  362 

niobate.  490 

oxides.  882.  342. 348,  345. 
847.  849.  351 

pbospbates.  496.  502.  507 

silicntes.    395,   422,   484, 
etc, 

sulphates.  531.  534 

sulpbide.  292.  801 

taiitulate.  490 

titnn.ite.  837 

tuiiirstMte,  539 
Manc::inglHiiz.  '392 
MNniriiii^nn.Mt.  v.  Spessartite 
Mnn^anlii'denl)ergite,  889 
Mnn^rnnite.  8i9 
ManganniMgni'tite,  340 
Manganoctdcite.  356,  360 


Manganocolumbite.  491 
Mangauopbyliite,  468 
Manganosiderite.  360 
Manganosiie.  882 
Manganostibiite,  507 
Manganotautidite.  491 
Manganpectolile,  895 
Manganspatb.  859 
Manirantantalite,  492 
Marble,  856 

Verd-aniique,  477 
Marcasite,  802 
Marceline,  848,  896 
Margarite  470 
Margarodite,  465 
Marfalite.  426 
Marmatite.  291 
Marmolite,  477 
Mnrsbite.  817 
Martinite.  610 
Martite,  886 
Mascasnite,  528 
MaskeTynite,  880 
Masonite,  472 
Massicot,  882 
Masrite,  585 
Matildite.  808 
Matlockite,  322 
Mauzeliite,  51 » 
Maxite.  529 
Mazapilite,  614 
Meerscbaum.  480 
Meionite.  425 
Melaconite,  882 
Melanaspbalt, 
Melatiglanz,  814 
Melanite.  417 
Mclanocerite,  407 
Melauophlogite.  828 
Melanotekite.  446 
Melanterite,  534 
Melilite.  Mellilite.  426 
Melinopbane,  o.  Meliphanita 
Melipbanite.  407 
Mellate  of  aluminium*  543 
Mellite.  542 
Meionite,  297 
Menaccanite.  336 
Mendipitc,  322 
Mcndozite,  585 
Menecrbinite,  818 
Menilite.  329 
Mennige.  843 
Mercury,  279 

Horn.  317 

Native.  279 
Mercury  antimonite,  516 

cbloride.  817 

selenides,  292 

sulpbides,  292,  298 

sulpbo-selenide,  293 

telluride,  292 
Mercury  amalgam,  27? 
Meroxene,  468 
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Iteidte.  MetitiDc,  859 
Metttinspath,  859 
MMole,  f .  Thomsonite 
MMolite,  462 
MesiHype,  462 
Mtsselite,  607 
M«tabru8hite.  510 
M^Uieinoabarite,  292 
MeiiisiibDiie,  284 
MelHvuUine,  587 
Meli  one  iron,  281 
tfexicAii  oDjx.  856 
Mtarsvrite.  806 
ISlCA  Group.  463 
Mica,  iron,  467.  470 

Lime.  470 

Lithia.  467 

Magnesia,  467,  469 

VoiNsh.  464 

8o(la.  467 

Viiiiuiiium,  470 
MicMceous  irou  ore,  885 
MichcM^vyte,  525 
Mfcrocline,  878 
Mlcrocotmic  salt,  510 
Microlite.  489 
Microsommite,  411 
Microperthite,  878 
Miciophyllite,  879 
Microplakite,  879 
Miersite.  819 
Hiesiiu.  499 
HikrokliD.  378 
Milarite.  369 
Milky  quartz.  826 
MilleriU'.  295 
Mlmelcnc,  Mimetesite,  500 
Mimeiiie.  500 
Mineral  caoutchouc,  545 
Mineral  coal,  545 

oil.  544 

pitch,  545 

resin,  543 

tallow,  543 

tar,  V.  Pittasphalt 

wax,  548 
Minium,  348 
IGrabilite.  531 
Misenite,  530 
Miapickcl.  303 
Misv.  5lMi 
Mixite.  51  o 
Mizzoiiiie.  42t> 
Moci)M  sioii-  r.  Moss  agate 
Mock  lend.  2'.n 
Molybdftnblri^^imth.  541 
Molybdanglauz.  285 

MOLYBDATKS,  539 

Molybdenum  sulphide,  285 
trioxide,  330 
Molybdenite,  285 
Molybdlcocher,  330 
Molybdite.  880 
Molyt>domenite,  588 


Molysiie,  821 
Monazite.  496 
Monetite,  607 
Monheimite,  860 
MoDimolite,  496 
Monite.  507 
Monrolite,  484 
MoDtanite,  588 
MonUcellite,  422 
Montmorillonite,  482 
Moonstone,  872,  877 
Mordenite,  458 
Morenodte,  588 
Morion.  826 
Moroxite,  498 
Moiftndrite,  487 
Mom  agate,  826 
Motlramite,  505 
Mountain  cork,  401 

leather,  401 

soap,  482 

tallow,  548 

wood.40i 
Muller's  glass.  829 
Mullicite.  508 
Mundic.  v.  Pyrite 
Murchisonite.  872 
Muscovite.  464 
Muscovy  glass,  466 

N 

Nadeleisenerz,  v.  QOthite 
Nadelerz,  v.  Aikluite 
Nadelzeolitb,  461 
Nadorite.  516 
Nagyagite,  305 
Nail  head  spar,  855 
NaDtokite,  317 
Napalite,  543 
Naphtha,  544 
Native  Elements.  271 
Natrium,  v.  Sodium 
Natroborocalcite,  520 
Natrolite,  461 
Natron,  366 
Natronmikroklin,  374 
Natron orthoklas,  872 
Natrophilite.  496 
Naumannite,  288 
Needle  ironstone,  349 
Needle  ore,  v  Aikinite 
Needle   zeolite,  v.  Natrolite, 

461 
Nemalite,  351 
Neotocite,  396,  484 
Nepheline.  409 
Nephelite,  409 
Nephrite.  394.  401,  477 
Neptunite.  487 
Nesquehonite,  366 
Nevjanskite.  280 
Newberjrite.  510 
Newtonite.  482 


Kiccolite.  296 
Nickel  antimonide, 

arsenates,  509 

arsenides,  295.  901, 104 

carbonate,  867 

oxides,  882 

silicate.  479 

tulphautimonide,  808 

sulpbarsenide.  802,  804 

sulphate.  588 

sulphides,  293,  296,  896 

telluHde.  297 
Nickel  telluride,  297 
Nickelantimonglanz,  «.  UU* 

mannite 
Nickelarseuikglanz,  «.  Gen* 

dorffite 
Nickel-gymnite,  479 
Nickel-skutterudite,  808 
Nigrine.  345 

NiOBATKS.  489 

Niter,  Nitre,  617 
Niter,  Soda.  577 
Nitrates.  517 
Nitrobarite.  517 
Nitrocalcite,  517 
Nitroglauberite,  617 
Nitromaguesite,  517 
Nivenite,  521 
NoceHte.  822 
Noutronile,  484 
NordenskiGldiiie,  518 
Nordmarkiie.  450 
Northupite,  364 
Noseati,  Nosite,  418 
Noselite,  418 
Noumeite,  479 
Nugget.  277 
Nussierite,  499 


Ocher,  Brown,  850 

Red,  385 
Ochrolite.  516 
Octahedrite,  346 
Odontolite.  512 
(£11  de  chat,  326 
(Ellacherite,  466 
Oil,  Mineral,  544 
Oisanite,  439 
Okenite,  452 
Oldhamite,  292 
Oligisi  iron  v.  Hematite, 
Oligoclase,  878 
Oligomite.  ^59 
Olivenerz,  504 
Olivenite.  504 
Olivine.  420 

Omphacite,  Ompbazit,  889 
Oncosin,  465 
Onofrite.  292. 
Onyx,  826 

Mexican,  866     - 
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Onjx  marble.  SSA 
Oolite.  SH 

Peniilnlte,  474 

Plutm-  of  Paris,  5U 

Peotlanillu.  303 

I^tlaa.  Platlne.  380 

OiMl.  8» 

Peploliie.  408 

Pbalnlridlum.  380 

Opkl  i<ui|wr.  330 

Pereyllte,  333 

Plullnum.  Native,  380 

Opblcalclte,  477 

ParlclaM,  331 

PladQiim.  arKDide,  803 

Opliiolile,  477 

Pericline.  Periklio,  877 

Platineriie,  346 

Ophile,  478 

P«.ridoi.  m 

PleDnrBTiile,  308 

Oranglte.  430 

Perislerite,  377 

PleotiastF,  338 

Pertliite.  aTS 

Plessilv.  281 

•mtihvst.  a33 
enieimld   833 

PiTofsltil*.  487 

Plumbngo,  273 

Pemvakile,  487 

niby.  888 

Perowskit.  487 

topni.  ssa 

Pelalile.  S6S 

OrpLi»':iJl.  ^a 

Petrified  w,Ki<i,  887 

Poliaiilte.  846 

Orti.i!e.  440 

l>eLrnk-lim,  544 

Pollucite.  PolluK.  3tt 

Ortliocliis.',  3:0 

Pctzile.  2tlS 

Polyadelpbiie,  417 

Orlliose,  e.  OrtlioclMe 

Phaeeliie.  Pbacellite,  410 

Puljarglte.  466 

Omelire,  805 

Phntolile,  4M 

Polyar^yrile.  815 

Pharmaculilc,  510 

Potyar^iiile,  603 

Ounium  xilpblde.  SOS 

PhBrmatoGidi^rite.  51S 

Polybaaile,  814 

Otteollte,  4»H 

Plieiiucit.-.  Pbenakit,  438 

PolvciMe,  483 

Ollretlie  471 

Phnigiw,  486 
PLiUaelpljite,  476 

PolychToilile,  408 

Ouvftrovite.  417 

Polvdynjlie,  306 

Onenile  47S 

Pliilliptie.  53(9 

PolvUliKr.  .^35 

OzAU-m.  543 

Pbilllpsite,  455 

Poli-liibiouile,  467 

Oxmnimite.  M3 

i'bloKopil^,  4Se 

P.j|ymigii)tc,  408 

OxiDEH,  sa 

Pbu;r.i<ilt,  520 

Poly>|)bnTlte.  400 

OXTrHLONIUBS,  8Si> 

PliCTiiicochroile,  529. 

OxrrLtioniDKR.  sat 

Plioleriie.  4ai 

Porperite.  276 

OZTHL-LPBIDBS,  805 

Pli'.IMoliic,  481 

Pusepi.y  f,  544 

Ourkite.  *H2 

PiiosKeulle,  864 

Poliiali  Blum,  S30 

Oiocerile.  Ozdterit,  64S 

Pbukphateb, 

PulHBsiuin  borate,  S90 

PlioBplionle,  408 

cldoride,  318.  833 

P 

nllraie,  517 

PlioapluBJdiTile.  510 

silicate.    870.    878, 

Pachn..lit«,  823 

Plio*).l)unuiylile.  OlS 
Piioiiiiie,  aae 

464.  ifa. 

Panxltte.  466 
Pifabcrgite.  896 

■iilphnie.  538 

Pliylliie,  471 

Potslniie.  4T9 

Palluliuni.  Native.  381 

Phvulite.  483 

Powelllle.  Ml 

Pauabue.  •.  TtirahedriW 

Piclli',  513 

Prwe,  326 

Plckcrii.piie,  585 

Pn«e..llle,  408 

Puporite.  536 

PitollH:,  338 

Pieliniir,  442 

Puma.  543 

Pki™-i>i,1..i,.,  438 

1'fH^triiinti.v  291 

Paragonite,  467 
ParaFuminiit.,  537 

Pi.T-ilii,.,  i'ikroHl,  477 

i'ri-Tilc.  :,ll} 

Picromerite.  535 

Pri,.m>li„,.,461 

pBmmck.;niiil«.  3SS 

Pirr,>i.|„.,n.fl...lile.608 

PrtH-liloritc.  475 

Paraflirc,  5I!t 

Piedmont  ile,  140 

l>r.,l.:,liIP.  443 

Pan,'*.-!!,',  *(I2 

Pliiakioltle.  518 

Pr..«o[.iti',  ;;23 

rsrivii...  ;j'i4 

Pingiiiie.  484 

Prot'.liHhlilr,  385 

Purnrilii!,*,   t6fi 

Ptoit,-.  469.  408 

Pr...ntile,  311 

Parrot  <-<m1.  r>M 

PniMimi  blue.  Nalive,  B 

Part«-liiiiil(-,  ParUcblD.  4tO 

Piotini'.  480 

PrXlbi^iiilit,  201,  840 

PeftT  l^l'-.  Jin 

Pir«»i.iie-  366 

Pneudnbrookite.  348 

Pearl  •■inler  :m 

Pi-vdie.  534 

|stildo<..iin|.ylile,  490 

Penrl  spur.  3.'i7 

Pisolite,  3.-16 

Ptai.  TM 

l'isi«.ii^   Pis-azil,  488 

»"!rdomBLcldte.  dOfi 

Pubble.  Hrft7ili»ii.  835 

Pisinm  t-ii.',  m 

'8e»,|opl,it<>,  474 

Pirchlili-oile.  Percberz,  S91 

Pilch.  Mineral. 

r>.'iid'><(t('>iiltc.  483 

■<TkliHiiiitc   387 

Pitclibleiide,  521 

l'sil<.l>1t!lnn(',  358 

Peitollte.  3»S 

PillMpball.  .^>44 

PBlttadmiie.  506 

Pegnniie.  512 

Ptiiiclle.  Pi1li7.it,  51C 

Plllolile.  458 

Pendl-sloiie.  483 

PlsKi»cUse,  :t74 

Piii-bcHte,  406 

Pendvlilile.  333 

PI»Ki""iw,  308 

Piiflerlte,  4.17 

Pennine,  474 

PJattna,  :I3H 

Piinamu.  804 
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Purple  copper  ore,  297 
Puschkiiiite.  489 
Pycniie.  482 
Pymrgilliie,  408 
Pyrargjrrile,  311 
Pyreneite,  417 
Pyrgom.  390 
Pyriie,  800 

Pyrites,  ArseDical,  v.  Arseno- 
pyrite.  808 

Capillary,  295,  808 

Cockscomb,  303 

Copper.  297 

Iron,  300,  802 

MaLmetic.  296 

Radiated.  808 

Spear.  803 

Tin.  315 

White  iron,  802 
Pyroaurite,  352 
Pyrochlore.  489 
Pyn)chroite,  851 
Pyrolusite.  847 
Pyromorphite,  499 
Pyrope,  416 
Pyrophanite,  887 
Pyrophosphorite,  507 
Pyrophyliite.  482 
Pyropliysiilite.  482 
Pyroretmite.  544 
Pyrosclerite,  476 
Pyrosmalite,  424^ 
Pyrostibite.  307 
Pyrostilpnite,  312 
Pyroxene,  887 
PTROXENB  Group,  882 
Pyrrbarsenite,    Pyrrhoarsen- 

ite.  495 
Pyrrbite,  490 
Pyrrholine.  296 
Pyrrhotite,  296 

Quartz,  824 
Quartzine,  328 
Quartzite,  327 
Quarz,  324 

Quecksilber,  Gediegen.  279 
QueckBilberbninderz,  544 
Quecksiiberbornerz,  817 
Quenstedtite.  535 
Quetenite,  538 
Quicksilver,  279 

• 

R 

Rfldelerz.  810 
Rnimondite,  586 
lialstonite,  323 
Rtimirite.  505 
Rammelsbergite,  804 
Ranito,  463 
Raspite,  541 


I  Rntbite,  809 
Ranch  quarz,       v.       Smoky 

Quartz.  826 
Raumite.  408 
Realgar,  282 
Red  aniiuiony,  o.  Kermesite 

cbiilk.  335 

copper  ore.  381 

hetuutite,  334 

iron  ore,  835 

leiid  ore  529 

oclier,  335 

silver  ore,  811 

ziuc  ore,  382 
Reddingite,  508 
Reddle.  335 
Redingtouite,  587 
Redrulbite.  290 
Rein  ite,  542 
Reissite,  454 
Remingiouile,  867 
Rensselaerile.  479 
Resin.  Mineral,  543 

Uiirbgate, 
RetinaUte,  477 
Retinite,  543 
Retzbaiiyite,  307 
lietzian,  507 
Rezbaiiyite.  307 
Rbabdophane,  509 
Rhabdoplianiic,  509 
Rl)8etizite.  434 
Rba^ile,  515 
Rbodalose.  v,  Bieberite 
Rbodiziie,  519 
Rhodochrome,  474 
Rhodochrosite,  359 
Rhodolite,  416 
Rboilouite,  395 
Rbodophyllite,  474 
Rhodolilite,  452 
Rhyacolite,  372 
Riband  jasper,  827 
Richellite.  514 
Richterite,  401 
Riebeckite,  404 
Rinkiie,  487 
Ripidolite.  473.  475 
Rittingerite,  812 
Rock  crystal.  325 

meal,  356 

milk.  356 

salt.  318 
Roeblingite,  408 
Roenierite,  536 
Roepperite,  422 
Romanzovite.  418 
Romeite,  Romeiue,  516 
R5merite,  536 
Roscoelite,  470 
Rose  quartz,  326 
Roseliie,  507 
Rosen buschite,  395 
1  Rositc,  466 


Rothbleierz,  529 
Rotheisenerz,  RotheiseDSteiiiy 

335 
Rothgaitigerz,  311 
Rothkupfererz,  318 
Rothnickelkies,  295 
Rothoffite,  417 
RolhspiesBglanzerz.  805 
Rothzlnkerz,  882 
Rowlandite,  487 
Rulielllte,  448 
Rubicelle.  338 
Rubin,  388 
Ruby.  Alma D dine,  888 

Balas.  838 

Oriental,  333 

Spinel,  338 
Ruby  blende.  291 
Ruby  copper.  818 
Ruby  silver,  811 
Ruby  spinel.  838 
Ruby  zinc,  291 
Ruin  marble,  856 
Rumftnite,  548 
Rumpdte,  476 
Ruthenium  sulphide,  803 
Rutile,  845 


8 


SaffloHte,  304 
Sagenite,  826,  846 
Sahlite,  389 
Sal  Ammoniac,  819 
Salite,  889 
Salmiak.  319 
Salmite.  472 
Salt,  Rock,  318 
Saltpeter,  v.  Niter 
Salvadorite.  534 
Samarskite.  492 
Sammetblende,  349 
Sandbergerite,  318 
Sanguinite,  312 
Sanidine,  372 
Saphir  d'eau,  408 
Saponite,  480 
Sapphire,  383 
Sapphiriue.  451 
Sarcolite,  426 
Sard,  326 
Sardonyx  827 
Sarkinite,  502 
SartoHte,  306 
Sussolite,  Sassolin,  86S 
Satin  spar,  355,  582 
Saualpite.  488 
Saussurite.  488 
Scacchite.  821 
Scapolite,  Common.  425 
ScAPOLiTE  Group,  434 
Schalenblende,  291 
Schapbachite,  309 
Schaumerde,  855 
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Scbaumspatb,  355 
8cheelbleispath,  «.  Stolzite 
8che<ilite.  540 
Scbeelsputh,  t,  Scbeelite 
Scheererite,  543 
Scbeffente.  389 
Scbiller-spar,     Scbillerspatb, 

886 
Scbirmerite,  308 
8cbbiDgenulabaster,  528 
Schmireel,  383 
Scbueideriie,  457 
Scboenite,  535 
8cb5tiiie,  535 
Scborlomite.  419 
Scborza,  439 
Scbreibersiie.  281 
Schrifierz.  Scbrifitellur,  804 
ScbrOllerife,  483 
ScbuD.i!ite.  '^73 
ScbuppeusteiD.  467 
Scbwartzembergite,  822 
Schwatzite.  313 
Scbwefel  o.  Sulpbur.  273 
Scbwefelkies.  300 
Scthwefelquecksiliier,  293 
Schwerbleierz  v.  Plattnerile 
Scbwerspatb,  524 
ScIeroc1ai$e.  308 
Scolecite,  Scoiezite,  462 
Scorodite,  5U9 
Scorza.  489 
Scoviilite.  509 
Seebacbile,  458 
Srlenidbs,  288,  289 
Selenile,  532 

8ELENITE8.  588 

Selenium,  271 
Seleiiquecksilber.  292 
8elensiilpbur,  274 
Sclenwismutbglauz,  284 
Sellaite.  321 
Semeline,  486 
Semi-opiil,  329 
Semseyite,  309 
Senarmoiitite,  380 
Sepiolite,  4H0 
Sericite,  465 
8er|)enliue,  476 
Serpierite,  536 
Seybertite.  471 
Sbepjinliie,  382 
Shell  ninible.  356 
Siberite.  448 
Siderite.  :^'i9 
Siderouatritc,  537 
Sideropbvllite,  468 
SiegcMiitei  297 
Sillier,  r.  Silver.  278 
SilberamalgJim.  279 
Silber^lanz.  2^8 
Sill)erhonierz.  319 
Silex.  Silica.  324 
Silicates.  368 


Siliceous  sinter,  329 
Siiicided  wood.  327 
Silicon  oxide.  324,  828,  329 
Silliinanite.  4h8 
Silver,  Native,  278 
Silver  antimonide.  286 

ar-enide,  286 

bismutbide,  286 

bromide,  319 

chlorides,  319 

iodide.  319 

selenide.  288 

sulpiiantiiiionite8.308, 311 

sulpharseiiite.  311 

sulphide,  288,  290 

sulphobismuthite,  308 

sulpbo-germanate,  316 

telluride.  286,  289,  305 
Silver  glmice.  288 
Simctite,  543 
Simonyite.  535 
Sinter.  Siliceous,  829 
Sipylite,  490 
Siserskite.  280 

Sismondine,  Sismondite,  472 
Si>ser8kite,  280 
Skapolith,  425 
Skbroklas.  308 
SkogbOlite,  492 
Skulterudite,  302 
Snialtite.  Smtiltine,  801 
Smaragd.  v.  Emerald 
Smaragdite.  401 
Smectite.  482 
Smegmatite.  482 
Smirgel.  333 
Smithsonite,  360;  446 
Smoky  quartz.  326 
Soapstone,  479 
Soda  alum,  535 
Soda  mic  roc  line,  373 
S<Hia  niter,  517, 
Soda  orthoclase,  372 
Sodaliie,  412 
Sodium  borate.  520 

carbonate.  366,  867 

chloride.  31. S 

tluoride.  321,  etc. 

nitrate,  417 

phosphate.  496.  etc. 

silicate,  412.  460,  461 

sulphate.   523 :   bydrous, 
531.  Hr. 
Sonneiistcin.  r.  Sun.stone,  378 
Spadaite.  480 
Spjingolitc,  530 
Spargelstein,     v.    Asparagus 

stone 
Spathic  iron.  359 
SpatheisetiKieii).  r.  Siderite 
S|)ear  pyrile«.  308 
Speck^tein.  479 
Specular  iron.  335 
Speerkies,  303 


Speiskobalt,  301 
S|)essartiue.  Spessariite,  417 
Sperrvlite,  302 
Spbaerite,  513 
Spbeerocobaltite,  861 
Sphalerite.  291 
Sphene,  485 

Spiauterite,  v.  Wurtzite,  295 
Spinel.  338 
Spinel  ruby,  388 
Spinth^re.  486 
Spodiosite,  502 
Spodumene,  893 
Spreustein,  461 
SprOdglanzerz,  814 
SprOdglaserz,  314 
SprOdglimmcr,  470 
Sprudeistein,  361 
Stafielite,  499 
Stalactite,  356 
Stalagmite,  356 
Stanmte.  Stannine,  815 
Stassfurtite.  519 
Star-quurtz.  326 

sapphire,  338 
Staurolite,  450 
Staurotide.  450 
Steatite,  479 
Steenstrupine.  407 
Stein heilite,  408 
Steiukohle,  546 
Steinmannite,  288 
Stein  mark, «.  Lithomarge,  481 
Stein Al,  544 
Steinsalz,  318 
Stephanitc,  314 
Stercorite.  510 
Stern  bergite,  290 
Stibiconite,  330 
Stibnile,  283 
Stilbite,  456;  454 
Stilpnomebme.  476 
Stolpenite.  482 
Stolziie.  541 

Stnililerz.  v.  Cllnoclasite 
Si  1  ah  Ikies.  303 
Strahlstein,  400 
Stratopeite,  396 
Stream  tin.  344 
Strengile.  510 
Strigovite,  476 
Stromeyerite,  290 
Strontianite,  362 
Strontianocaicite,  856 
Strontium  carbonate,  863 

silicate,  454 

su1f)hato.  526 
Stnivite.  5<)7 
Stl\tzite.  286 
Stylotypite.  310 
Succinic  acid.  548 
Succinite,  543 ;  416 
Sulfoboriie.  521 
SULPHAMTIMONATEB,  815 
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SULPHANTIICONITSB.  806 

Sulpha  U8ENATES,  315 
sulfharsbnitks,  306 
Sulphates.  523 
Sulphides,  282 
sulphobibicuthitbs,  806 
Sulphobalite,  530 

SULPHOBTANNATBB,  316 

Sulphur,  273 
Suudtite.  308 
Sunstone,  378 
SusttQDite.  529 
Susscxite.  518 
Svabite,  501 
8vanbereite«  516 
Syohnodymite,  296 
Sylvanite.  304 
Sylvite  Sylviue,  318 
Symplesite,  508 
Syuadelpbite.  506 
Syngeuite.  584 
SyutagDiatite,  400 
Szaboite,  386 
Sasaibelyite,  518 
SzmikUe,  581 


Tabasbeer,  1 
Tabular  spar,  894 
Tacbhydrite,  828 
Tacbyhydrite,      Tachydrite, 

828 
TiBDite,  281 
Tafelspath.  394 
Tagilite.  511 
Talc,  479 
Talkeisenerz,  840 
Talktriplite.  502 
Tallingite.  328 
Tallow,  Mineral,  548 
Tahtalatbs,  489 
Tantalite.  490 
Tapalpile,  310 
Tapiolite,  492 
Taroowitzite.  361 
TaamHuite,  544 
Tuvistockite.  506 
Tayloriie.  523 
Tellur.  275 
Tellurates.  538 
Tellurbisinutb.  284 
Tellurblei.  v.  Altaite.  288 
Telluric  wismutb,  284 
Tbllukides.  288  et  seq. 
Tellurite.  330 
Tellurites.  538 
Tellurium.  275 
Tellurium  oxide,  330 
Tellurnickel.  297 
Tellursilber,  v.  Hessite,  289 
Tellurwismutb.  284 
Tengerite,  367 
Tenoantite,  313 


Tenorite,  382 
Tepbroite.  422 
Tescbemacherite,  864 
Tesseralkies,  «.  Skutteradite, 

302 
Tetradyraite,  284 
Tetrabedrite,  312 
Tballite.  439 
Tballium  seleoide,  289 
Tbauniasite,  483 
Tbenanlite  528 
Tberuiooatrite.  366 
Tbermopbyllite,  478 
Tbinolite,  357 
TbiorsHuite,  380 
Tbomseuolite,  328 
Thomson  ite,  462 
Thonerde,  «.  Aluminium 
Thorite,  430 

Thorium  silicate,  480,  487 
TborogUQuuite,  522 
Thulite,  4:^ 
Thuringite.  475 
Tiemanuite,  292 
Tigereye.  326,  404 
Tifttsite,  502 
Tile  ore,  831 
Tilkerodite,  288 
Tin,  Native.  280 
Tin  borate.  518 

oxide,  844 

sulphide.  316 
Tin  ore.  Tin  stone,  844 
Tin  pyrites,  316 
Tincal.  520 
Tinkal.  520 
Tirolite,  511 
Titanatbs,  485 
Titaneisen,  336 
Titanic  iron  ore,  886 
Tiunite,  485 

Titanium  oxide.  845,  846.  847 
Titanomorphite,  486 
Topaz.  481 

False.  326 

Orieutal,  838 
Topazolite.  417 
Torlmuite.  546 
Torbernite.  515 
Touchstone.  827 
Tourmaline.  447 
Traversellite.  389 
Travertine.  356 
Tremolite.  400 
Triclmlrite,  508 
Tridymite.  328 
Trinierite,  424 
Triplmue.  393 
Triphyline.  496 
Triphylite.  496 
Triplite.  502 
Triploidite.  502 
Tri|)olite.  329 
Trippkeite,  516 


Tripuhyite,  616 
Tritochorite.  605 
Tritomite.  407 
Tr5gerite.  515 
Troilitc,  298 
Trolleite,  613 
Trona.  367 
Troostite.  428 
Tscheffkinite.     Tk:hewkii 

487 
Tschermigite.  585 
Tufn,  Calcareous,  856 
Tungsten  trioxide.  880 
Tungstite.  830 
Turgite.  850 
TQrkis.  512 
Turmnlin,  447 
Turnerite.  496 
Turquois.  Turquoifle,  618 
Tyrite.  490 
Tyrolite,  611 
Tysonite,  821 

U 

Uintahite.  Uinuite,  645 
Ulexite,  620 
Ullmannife,  802 
Ultrnmarine,  418 
Uman^ite.  289 
Uniouite,  488 

Uraconise.  Uraconite,  688 
Uralite,  401 
Uranatbs.  521 
Uraninite.  521 
Urauite,  515 
Uranium  arsenate,  515 

carbonates,  867 

niobates,  492.  498 

phosphates.  615 

silicates,  488 

sulphate.  6^ 
Uranmica.  515 
Uruuocircite,  515 
Uranoniobite.  521 
Urauopbiiue,  488 
Uranopilite.  588 
Uranospliserite,  532 
UraiiOvSpinite,  515 
Uranoi  hall  ite,  867 
Urunotil,  483 
Uranpecberz.  621 
Urao,  367 
Urbanite.  389 
Urpetbite.  548 
Urusitc,  587 
Utahite.  586 
Uvarovite,  Uwarowit,  417 


Vaalite,  476 
Yaleucianite,  872 
Yaleutinite,  880 
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Venadiobleierz, «.  Yamdinite 

VanadiBite,  500 

Vanadium  silicate,  470 

Variegated  copper  ore,  297 

Variscite.  510 

VauqueliDite,  529 

Velvet  copper  ore,  «.  Lett- 
somite    ' 

Venus-hairstoDe,  845 

Verd-antique,  477 

Vbrmiculitsb,  476 

Vermilion,  v.  Cinnal>ar 

Vesuvianite,  427 

Veszelyite,  511 

Viluite,  428 

Violan,  889 

Vitreous  copper,  v,  Chalcocite 
silver,  v.  Argentite 

Vitriol,  Blue,  etc. 

Vitriol  bleierz,  527 

Vivian  ite,  506 

Vogliaoite,  588 

Vofflite;  867 

Volborthite,  511 

Voltaite,  587 

Voltzite.  Voltziiie,  806 

Vulpinite,  528 

W 

Wud.  352 
Wagnerite,  502 
Walkerite.  895 
Walpurgite,  516 
Waluewite,  471 
Wapplerite.  510 
Wardite.  512  • 

Waringtonite.  580 
Warreuite,  808 
Warringtonite,  580 
Warwickite,  519 
Washingtoniie,  887 
Wassersapphir,  v.  lollte 
Wavellite,  512 
Webnerite,  808 
Websterite.  587 
Wehrlite,  285 
Weissbleierz,  368 
WeissgQltigerz.  818 
Wellslle.  455 
Werncrite,  425 
Wheel  ore.  810 
Wbewellite.  542 
White  antimony,  880 


White  arsenic.  880 

garnet,  f.  Leudte 

iron  pyrites,  802 

lead  ore,  868 
Whitney  ite,  286 
Willemite,  422 
Willyamite,  802 
Wilsonite.  466 
Wiluite.  428 
Wiserine.  847 
Wisrouth.  V.  Bismuth 
Wismuihantimonnickel- 

glanz.  802 
Wlsmuthblende,  414 
Wlsmutbglanz,  284 
Wismutbspatb,  867 
Withamite.  439 
Witherite,  862 
Witticbeuite.  810 
Wocheinite.  851 
W6hlerite.  895 
Wolfncbite,  804 
Wolfram.  589 
Wolframite.  589 
Wolfsbergite.  806 
Wollastonite.  894 
Wolnvu.  525 

Wood,  Fossil,  Petrified,  827 
Wood  copper.  504 
Wood  opa!,  829 
Wood  tin,  844 
W6rthile.  484 
Wuifenite,  541 
Warfelerz,  v.  Pharmacoalder- 

ite 
Wurtzite,  295 


Xantharsenite,  606 
Xanthoconite,  815 
Xanthophvllite,  471. 
Xantboeiderite,  850 
Xenolite,  484 
Xenotime,  494 


Yellow  copper  ore»  297 

lead  ore,  541 
Yenite,  445 
Yttergranat.  417 
Ytiriallte,  487 
Yttrium  carbonate,  867 


Yttrium  niobates,  490,  eU. 
phosphates.  494,  509 
silicates,  487 
Yttrocerite,  828 
Yttrocolumbite,  v,  Yttrotan* 

talite.  492 
Yttrogummite,  522 
Yttrotantalite,  492 


Zaratite.  867 
Zboliteb.  458 
Zepharovichite,  510 
Zeunerite,  515 
Zeigelerz,  881 
Zietrisikite.  548 
Zinc,  Native,  275 

Red  Oxide  of,  883 
Zinc  aluminate.  889 

arsenates,  505,  509 

carbonates,  860 

oxide,  882,  889 

ozysulphide.  805 

phosphate.  507 

silicates,  422.  446,  417 

sulphates,  528,  588 

sulphides.  291,  295 

vanadate,  505 
Zinc  blende.  291 
Zinc  ore.  Bed,  882 
Ziucaluminite,  588 
Zincite,  882 
Zinckeuite,  807 
ZIncocalcite,  856 
Zinkblende.  291 
Zinkenite.  807 
Zinkosite,  528 
Zinkspnth.  860 
Zinncrz,  844 
Zinnkies.  816 
Zinnober,  298 
Zinnstein.  844 
Zinnwaldite.  467 
Zippeite.  588 
Zircon.  429 
Zirconium  dioxide,  846 

silicate,  429;  895 
Zlrkelite.  846 
Zoisile,  487 
Zorgite.  289 
Zunyite.  414 
Zwiesclite,  502 
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♦  The  Water  Supply,  Sewerage  and  Plumbing  of  Modem  City  Buildings. 

8vo, 

Johnson's  Statics  by  Algebraic  and  Graphic  Methods 8vo 

Kellaway's  How  to  Lay  Out  Suburban  Home  Grounds 8vo, 

Kidder's  Architects'  and  Builders'  Pocket-book 16mo.  mor., 

Merrill's  Stones  for  Building  and  Decoration 8vo, 

Monckton's  Stair-building 4to, 

Patton's  Practical  Treatise  on  Foundations 8vo, 

Peabody's  Naval  Architecture 8vc, 

Rice's  Concrete- block  Manufacture 8vo. 

Richey's  Handbook  for  Superintendents  of  Construction 16mo,  mor. 

Building  Foreman's  Pocket  Book  and  Ready  Reference.  .  16mo.  mor, 
*  Building  Mechanics'  Ready  Reference  Series: 

*  Carpenters'  and  Woodworkers'  Edition 16mo,  mor. 

*  Cement  Workers'  and  Plasterers'  Edition Idmo,  mor. 

*  Plumbers',  Steam-Fitters',  and  Tinners'  Edition.  .  .  16mo,  mor. 

*  Stone-  and  Brick-masons'  Edition lOmo.  mor. 

Sabin's  House  Painting 1 2mo, 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo, 

Snow's  Principal  Species  of  Wood 8vo. 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep 

Law  of  Contracts 8vo. 

Law  of   Operations  Preliminary   to  Construction    in   Engineering  and 

Architecture 8vo, 

Sheep, 

Wilson's  Air  Conditioning 12mo, 

Worcester  and  Atkinson's  Small  Hospitals,  Establishment  and  Maintenance, 
Suggestions   for    Hospital    Architecture,  with    Plans   fur   a    Small 

Hospital. 12mo,      1   25 


ARMY  AND   NAVY. 

Bemadou's  Smokeless  Powder.  Nitro-cellulose,  and  the  Theory  o'  the  Cellu- 
lose Molecule 12mo,  2  50 

Chase's  Art  of  Pattern  Making 12mo,  2  50 

Screw  Propellers  and  Marine  Propulsion 8vo,  3  00 

*  Cloke's  Enlisted  Specialists'  Exanuncr 8vo,  2  00 

*  Gunner's  Examiner 8vo.  1  60 

Craig's  Azimuth 4to,  3  60 

Crehore  an*^'  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

•  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vo,  7  00 

♦  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial.  .  .Large  12mo,  2  50 
Durand's  Resistance  and  Propulsion  of  Ships 8vc,  5  00 

♦  Dyer's  Handbook  of  Light  Artillery 12mo.  3  00 
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Eissler's  Modem  High  Explosives 8vo 

*  Picbeger's  Text-book  on  Field  Fortification Large  12mo, 

Hamilton  and  Bond's  The  Gunner's  Catechism 18mo, 

*  Hoff 's  Elementary  Naval  Tactics 8vo, 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo, 

♦  Interior  Ballistics 8vo, 

*  Lissak's  Ordnance  and  Gunnery 8vo, 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo, 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  I.  and  II..8voieach. 

*  Mahan's  Permanent  Fortifications.     (Mercur.) 8vo.  half  mor. 

Manual  for  Courts- martial 16mo,  mor. 

*  Mercur's  Attack  of  Fortified  Places 12mo, 

♦  Elements  of  the  Art  of  War 8vo, 

Nixon's  Adjutants'  Manual 24mo, 

Peabody's  Naval  Architecture 8vo, 

*  Phelps's  Practical  Marine  Surveying 8vo, 

Putnam's  Nautical  Charts 8vo, 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star-Finding  Tables 8vo. 

*  Selkirk's  Catechism  of  Manual  of  Guard  Duty 24mo, 

Sharpe's  Art  of  Subsisting  Armies  in  War 18mo,  mor. 

*  Taylor's  Sp>eed  and  Power  of  Ships.     2  vols.   Text  8vo,  plates  oblong  4to, 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and  Musketry  Fencing. 

24mo.  leather, 

*  Weaver's  Military  Explosives 8vo, 

*  Woodhull's  Military  Hygiene  for  Officers  of  the  Line Large  12mo, 

ASSAYING. 

Betts's  Lead  Refining  by  Electrolysis 8vo, 

♦Butler's  Handbook  of  Blowpipe  Analysis 16mo. 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

16mo,  mor. 

Purman  and  Pardoe's  Manual  of  Practical  Assaying 8vo, 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experimcnts..8vo, 

Low's  Technical  Methods  of  Ore  Analysis 8vo, 

Miller's  Cyanide  Process 12mo, 

Manual  of  Assaying 12mc, 

Minct's  Production  of  Aluminum  and  its  Industrial  Use.     ( Waldo. )...12mc, 

Ricketts  and  Miller's  Notes  on  Assaying 8vc, 

Robine  and  Lcnglen's  Cyanide  Industry.     (Le  Clerc.) 8vc, 

*  Seamon's  Manual  for  Assayers  and  Chemists Large  12mo, 

Hike's  Modem  Electrolytic  Copper  Refining 8vo. 

Wilson's  Chlorination  Process 12mo. 

Cyanide  Processes 12mo, 

ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo, 

Craig's  Azimuth 4to, 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo, 

Doolittle's  Treatise  on  Practical  Astronomy 8vo, 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo, 

Hosmer's  Azimuth 16mo.  mor. 

*  Text-book  on  Practical  Astronomy 8vo, 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo. 

*  Michie  and  Harlow's  Practical  Astronomy 8vo, 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star-Finding  Tables 8vo, 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy 12mo, 

CHEMISTRY. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty   Lectures.     (Hall   and 

Dcfren.) 8vo,  5  00 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo.  1  25 

Alcxeyeff's  General  Principles  of  Organic  Syntheses.     (Matthews.) 8vo,  3  00 

Allen's  Tables  for  Iron  Analysis 8vo.  3  00 
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Annsby's  Principles  of  Animal  Nutrition 8vo.  f4  00 

Arnold's  Compendium  of  Chemistry.     (Mandel.) Laree  12mo.  3  50 

Association  of  State  and  National  Pood  and  Dairy  Departments,  Hartford 

Meeting.  1900 8vo,  3  00 

Jamestown  Meeting.  1907 8vo,  3  00 

Austen's  Notes  for  Chemical  Students 12rao.  1  60 

Bemadou's  Smokeless  Powder. — Nitro-cellulose,  and  Theory  of  the  Cellulose 

Molecule l2mo,  2  60 

*  Biltz's  Introduction  to  Inorganic  Chemistry.  (Hall  and  Phclan.).  .  .  12mo.  1  25 

Laboratory  Methods  of  Inorganic  Chemistry.     (Hall  and  Blanchard.) 

8vo.  3  00 

*  Bingham  and  White's  Laboratory  Manual  of  Inorganic  Chemistry. .  12mo.  1  00 

*  Blanchard's  Synthetic  Inorganic  Chemistry 12mo,  1  00 

*  Bottler's  German  and  American  Varnish  Making.    (Sabin.).  .Large  12mo,  3  50 
Browne's  Handbook  of  Sugar  Analysis.     (In  Press.) 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1  60 

*  Butler's  Handbook  of  Blowpipe  Analysis 16mo,  0  75 

*  Claassen's  Beet-sugar  Manufacture.     (Hall  and  Rolfe.) 8vo,  3  (X> 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.).8vo.  3  (X) 

Cohn's  Indicators  and  Test-papers 12mo,  2  00 

Tests  and  Reagents 8vo,  3  00 

Cohnheim's  Functions  of  Enzymes  and  Ferments.     (In  Press.) 

*  Danneel's  Electrochemistry.     (Mcrriam.) 12mo,  1  26 

Dannerth's  Methods  of  Textile  Chemistry 12mo,  2  00 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo,  4  00 

Effront's  Enzymes  and  their  Applications.     (Prescott.) 8vo,  3  00 

EissJer's  Modem  High  Explosives 8vo,  4  00 

*  Ekeley's  Laboratory  Manual  of  Inorganic  Chemistry 12mo,  1  00 

*  Fischer's  Oedema 8vo,  2  00 

*  Physiology  of  Alimentation Large  1 2mo,  2  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

16mo.  mor.  1  50 

Fowler's  Sewage  Works  Analyses 12mo,  2  00 

Fresenius's  Manual  of  Qualitative  Chemical  Analysis.     (Wells.) 8vo,  5  00 

Manual  of  Qualitative  Chemical  Analysis.  Part  I.  Descriptive.  (Wells. )8vo.  3  00 

Quantitative  Chemical  Analysis.     (Cohn.)     2  vols 8vc,  12  60 

When  Sold  Separately.  Vol.  I.  $6.     Vol.  II.  $8. 

Fuertes's  Water  and  Public  Health 12mo,  1  60 

Furman  and  Pardoe's  Manual  of  Practical  Assaying 8vo,  3  00 

*  Getman's  Exercises  in  Physical  Chemistry 12mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12mo,  1  25 

Gooch's  Summary  of  Methods  in  Chemical  Analysis.     (In  Press.) 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  12mo.  1  25 

Grotcnfelt's  Principles  of  Modem  Dairy  Practice.     (Woll.) 12mo.  2  00 

Groth's  Introduction  to  Chemical  Cr>'stallography  (Marshall) 12mo.  1  25 

*  Hammarsten's  Text-book  of  Physiological  Chemistry.     (Mandel.) 8vo,  4  00 

Hanausek's  Microscopy  of  Technical  Products.     (Win ton.) 8vo.  5  00 

*  Haskins  and  Macleod's  Organic  Chemi.stry 12mo,  2  00 

*  Herrick's  Denatured  or  Industrial  Alcohol 8vo,  4  00 

Hinds's  Inorganic  Chemistry 8vc,  3  00 

*  Laboratory  Manual  for  Students 12mo,  1  00 

*  HoUeman's   Laboratory    Manual   of   Organic   Chemistry   for    Bc£(inners. 

(Walker.) 12mo.  1  00 

Text-book  of  Inorganic  Chemistry.     (Cooper.) 8vo,  2  60 

Text-book  of  Organic  Chemistry.     (Walker  and  Mott.) 8vo,  2  60 

*  (Ekeley)  Laboratory  Manual  lo    Accompany    HoUeman's   Text-book    of 

Inorganic  Chemistry 12mo.  1  00 

Holley's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

*  Lead  and  Zinc  Pigments Large  12mo,  3  00 

Hopkins's  Oil-chemists'  Handbook 8vo  3  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8vo,  1  25 
Johnson's  Rapid  Methods  for  the  Chemical  Analysis  of  Special  Steels,  Steel- 
making  Alloys  and  Graphite Large  12mo,  3  OO 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  3  OO 

Lassar-Cohn's  Application  of  Some  General  Reactions  to  Investigations  in 

Organic  Chemistry.     (Tingle.) 12mo,  1  00 


Leach's  Inspection  and  Analysis  of   Pood  with  Special  Reference  to  State 

Control 8vo, 

Ldb's  Electrochemistry  of  Organic  Compounds.     (Lorenz.) 8vo, 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.. 8vo, 

Low's  Technical  Method  of  Ore  Analysis Svo. 

Lowe's  Paint  for  Steel  Structures 12mo, 

Lunge's  Techno-chemical  Analysis.     (Cohn.) 12mo. 

*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making Svo. 

Maire's  Modem  Pigments  and  their  Vehicles 12mo. 

Mandel's  Handbook  for  Bio-chemical  Laboratory 12mo, 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysts  with  the  Blowpipe 

12mo. 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological.) 12mo, 

Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

Svo, 

*  Mathewson's  First  Principles  of  Chemical  Theory Svo, 

Matthews's  Laboratory  Manual  of  Dyeing  and  Textile  Chemistry Svo, 

Textile  Fibres.     2d  Edition,  Rewritten Svo. 

*  Meyer's    Determination    of    Radicles   in   Carbon   Compounds.     (Tingle.) 

Third  Edition 12mo, 

Miller's  Cyanide  Process 12mo, 

Manual  of  Assaying 12mo, 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     ( Waldo. )...12mo, 

*  Mittelstaedt's  Technical  Calculations  for  Sugar  Works.  (Bourbakis.)  12mo, 

Mixter's  Elementary  Text-book  of  Chemistry 12mo. 

Morgan's  Elements  of  Physical  Chemistr>' 12mo, 

*  Physical  Chemistry  for  Electrical  Engineers 12mo, 

*  Moore's  Experiments  in  Organic  Chemistry 12mo, 

*  Outlines  of  Organic  Chemistry 12mo. 

Morse's  Calculations  used  in  Cane-sugar  Factories 16mo.  mor. 

♦  Muir's  History  of  Chemical  Theories  and  Laws Svo, 

MulUken's  General  Method  for  the  Identification  of  Pure  Organic  (impounds. 

Vol.  I.     Compounds  of  Carbon  with  Hydrogen  and  Oxygen.  Large  Svo, 

Vol.  II.     Nitrogenous  Compounds.     (In  Preparation.) 

Vol.  III.     The  Commercial  DyestuflFs Large  Svo, 

♦  Nelson's  Analysis  of  Drugs  and  Medicines 12mo, 

Ostwald's  Conversations  on  Chemistry.     Part  One.     (Ramsey.) 12mo, 

Part  Two.     (Tumbull.) I2mo, 

*  Introduction  to  Chemistry.     (Hall  and  Williams.) Large  12mo, 

Owen  and  Standage's  Dyeing  and  Cleaning  of  Textile  Fabrics 12mo, 

•  Palmer's  Practical  T«t  Book  of  Chemistr>' 12mo, 

•  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer.). .  12mo, 
Penficld's  Tables  of  Minerals.  Including  the  Use  of  Minerals  and  Statistics 

of  Domestic  Production Svo, 

Pictet's  Alkaloids  and  their  Chemical  Constitution.     (Biddle.) Svo, 

Poole's  Calorific  Power  of  Fuels Svo, 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo, 

•  Reisig's  Guide  to  Piece-Dyeing Svo, 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  Svo. 

Ricketts  and  Miller's  Notes  on  Assaying Svo, 

Rideal's  Disinfection  and  the  Preservation  of  Food Svo, 

Riggs's  Elementary  Manual  for  the  Chemical  Laboratory Svo. 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) Svo, 

Ruddiman'i  Incompatibilities  in  Prescriptions Svo, 

Whys  in  Pharmacy I2mo, 

•  Ruer's  Elements  of  Metallography.     (Mathewson.) Svo, 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish Svo, 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorflf.) Svo, 

*  Schimpf's  Essentials  of  Volumetric  Analysis Large  I2mo, 

Manual  of  Volumetric  Analysis.     (Fifth  Edition,  Rewritten) Svo, 

*  Qualitative  Chemical  Analysis Svo, 

♦  Seamon's  Manual  for  Assayers  and  Chemists Large  12mo, 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students Svo, 

Spencer's  Handbook  for  Cane  Sugar  Manufacturers 16mo,  mor. 

Handbook  for  Chemists  of  Beet-sugar  Houses 16mo,  mor. 
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Stockbridge's  Rocks  and  Soils 8vo. 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo. 

^  Tillman's  Descriptive  General  Chemistry 8vo. 

*  Elementary  Lessons  in  Heat 8vo. 

Treadwell's  Qualitative  Analysis.     (Hall.) 8vo, 

Qtiantitative  Analysis,     (Hall.) .8vo. 

Tumeaure  and  Russell's  Public  Water-supples 8vo, 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.) 12mo. 

Venable's  Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo, 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  1 8vo. 

Vol.11 8vo. 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks 8vo. 

•  Weaver's  Military  Explosives 8vo, 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis 8vo. 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 
Students 12mo, 

Text-book  of  Chemical  Arithmetic 12mo. 

Whipple's  Microscopy  of  Drinking-water 8vo, 

Wilson's  Chlorination  Process , 12mo, 

Cyanide  Processes 12mo. 

Winton's  Microscopy  of  Vegetable  Poods 8vo, 

Zsigmondy's  C^oUcids  and  the  Ultramicroscope.     (Alexander.).. Large  llmo. 


CIVIL   ENGINEERING. 

BRIDGES   AND    ROOFS.     HYDRAULICS.     MATERIALS   OF   ENGINEER- 
ING.    RAILWAY    ENGINEERING. 

*  American  Civil  Engineers'  Pocket  Book.     (Mansfield  Merriman.  Editor- 

in-chief.)  16mo.  mor.  5  (X> 

Baker's  Engineers'  Surveying  Instruments I2mo.  3  00 

Bixby's  Graphical  Computing  Table Paper  19 J  X  24i  inches.  0  25 

Breed  and  Hosmer's  Principles  and  Practice  of  Surveying.     Vol.  I.  Elemen- 
tary Surveying 8vo,  3  00 

Vol.  II.     Higher  Surveying 8vo,  2  50 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo,  3  50 

C^mstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

*  C^rthell's  Allowable  Pressure  on  Deep  Foundations 12mo,  1  25 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo.  3  00 

Davis's  Elevation  and  Stadia  Tables 8vo,  1  00 

*  Eckel's  Building  Stones  and  Clays 8vo.  3  00 

Elliott's  Engineering  for  Land  Drainage 12mo.  2  00 

•  Fiebeger's  Treatise  on  Civil  Engineering 8vo,  5  00 

Flemer's  Phototopographic  Methods  and  Instruments 8vo.  5  (X) 

Folwell's  Sewerage.     (Designing  and  Maintenance.) 8vo.  3  00 

Freitag's  Architectural  Engineering 8vo,  3  50 

French  and  Ives's  Stereotomy 8vo,  2  50 

♦  Hauch  and  Rice's  Tables  of  Quantities  for  Preliminary  Estimates..  .12mo,  1   25 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Hering's  Ready  Reference  Tables  ((x)n version  Factors.) I6mo,  mor.  2  50 

Hosmer's  Azimuth 16mo.  mor.  1  (X) 

♦  Text-book  on  Practical  Astronomy 8vo,  2  00 

Howe's  Retaining  Walls  for  Earth I2mo.  1  25 

♦  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level 16mo,  bds.  0*25 

Ives  and   Hilts's    Problems  in   Surveying.  Railroad  Surveying  and  Geod- 
esy   16mo,  mor.  1  50 

•  Johnson  (J.B.)  and  Smith's  Theory  and  Practice  of  Surveying .  Large  12mo,  3  50 
Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

•  Kinnicutt,  Winslow  and  Pratt's  Sewage  Disposal 8vo,  3  00 

♦  Mahan's  Descriptive  Geometry 8vo,  1  50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

Merriman  and  Brooks's  Handbook  for  Surveyors I6mo,  mor.  2  00 

Nugent's  Plane  Surveying 8vo.  3  50 

Ogden's  Sewer  Construction 8vo,  3  00 

Sewer  Design 12mo.  2  00 

6 


*  Ogden  and  Cleveland's  Practical   Methods  of  Sewage  Disposal  for  Resi- 

dences, Hotels,  and  Institutions. 8vo.  $1  50 

Parsons's  Disposal  of  Municipal  Refuse. 8vo,  2  00 

Patton's  Treatise  on  Civil  Engineering 8vo.  half  leather.  7  60 

Reed's  Topographical  Drawing  and  Sketching 4to.  5  00 

Riemer's  Shaft-sinking  under  Difficult  Conditions.  (Coming  and  Peele.).8vo.  3  00 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo,  1  60 

Smith's  Manual  of  Topographical  Drawing.     (McMillirn.) 8vo.  2  60 

Soper's  Air  and  Ventilation  of  Subways 12mo.  2  50 

•  Tracy's  Exercises  in  Surveying 12mo.  mor.  1  00 

Tracy's  Plane  Surveying 16mo,  mor.  3  00 

Venable's  Garbage  Crematories  in  America. 8^'o,  2  00 

Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo,  3  00 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo.  6  00 

Sheep,  6  50 

Law  of  Contracts. 8vo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 

Architecture 8vo,  5  00 

Sheep.  5  60 

Warren's  Stcreotomy — Problems  in  Stone-cutting 8vo,  2  60 

*  Waterbury's  Vest-Pocket  Hand-book  of  Mathematics  for   Engineers. 

2iX  51  inches,  mor.  100 

•  Enlarged  Edition.  Including  Tables mor.  1  50 

Webb's  Problems  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

16mo,  mor.  1  25 

Wilson's  Topographic.  Trigonometric  and  Geodetic  Surveying 8vo,  3  50 

BRIDGES   AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges.. 8vo,  2  00 

•  Thames  River  Bridge Oblong  paper.  5  00 

Burr  and  Palk's  Design  and  Construction  of  Metallic  Bridges 8vo.  5  00 

Influence  Lines  for  Bridge  and  Roof  Computations 8vo,  3  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  II Small  4to.  10  00 

Foster's  Treatise  on  Wooden  Trestle  Bridges 4to.  5  00 

Fowler's  Ordinary  Foundations 8vo.  3  50 

Greene's  Arches  in  Wood.  Iron,  and  Stone 8vo,  2  60 

Bridge  Trusses 8vo.  2  50 

Roof  Trusses 8vo,  1  25 

Grimm's  Secondary  Stresses  in  Bridge  Trusses 8vo,  2  60 

Heller's  Stresses  in  Structures  and  the  Accompanying  Deformations. . .  .  8vo.  3  00 

Howe's  Design  of  Simple  Roof-trusses  in  Wood  and  Steel 8vo,  2  00 

Symmetrical  Masonry  Arches 8vo.  2  50 

Treatise  on  Arches 8vo.  4  00 

*  Hudson's  Deflections  and  Statically  Indeterminate  Stresses Small  4to.  3  50 

•  Plate  Girder  Design 8vo.  1  50 

•  Jacoby's  Structural  Details,  or  Elements  of  Design  in  Heavy  Framing,  8vo,  2  25 
Johnson.  Bryan  and  Tumeaure's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures Small  4to.  10  00 

•  Johnson,  Bryan  and  Tumeaure's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures.     New  Edition.     Part  1 8vo.  3  00 

•  Part  II.     New  Edition 8vo.  4  00 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.      Stresses  in  Simple  Trusses 8vo.  2  50 

Part  II.    Graphic  Statics 8vo,  2  60 

Part  111.     Bridge  Design 8vo.  2  60 

Part  IV.  Higher  Stmctures 8vo,  2  50 

Ricker's  Design  and  Construction  of  Roofs.     (In  Press.) 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and 

Arches 8vo.  2  00 

Waddell's  De  Pontibus.  Pocket-book  for  Bridge  Engineers 16mo.  mor.  2  00 

•  Specifications  for  Steel  Bridges 12mc.  50 

HYDRAULICS. 

Barnes's  Ic6  Formation 8vo.  3  00 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.     (Trautwine.) 8vo.  2  00 
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Bovey's  Treatise  on  Hydrmulics 8vo.  $5  00 

Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to.  paper.     1  50 

Hydraulic  Motors .8vo.     2  00 

Mechanics  of  Fluids  (Being  Part  IV  of  Mechanics  of  Engineering).  .8vo.     3  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems 16mo.  mor.     2  50 

Plather's  Dynamometers,  and  the  Measurement  of  Power 12mo.     3  00 

Folwell's  Water-supply  Engineering Svo,     4  00 

Frizell's  Water-power 8vo,     5  00 

Fuertes's  Water  and  Public  Health 12mo.     1  50 

Water-filtration  Works 12mo.     2  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine.) 8vo.     4  00 

Hazen's  Clean  Water  and  How  to  Get  It Large  12mo.     1  50 

Filtration  of  Public  Water-tupplies 8vo.     3  00 

Hazelhurst's  Towers  and  Tanks  for  Water- works 8vo      2  60 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large.  Riveted,  Metal 

Conduits 8vo.     2  00 

Hoyt  and  Grover's  River  Discharge 8vo.     2  00 

Hubbard   and   Kiersted's   Water-works   Management   and    Maintenance. 

8vo.    4  00 

*  Lyndon's   Development  and   Electrical   Distribution   of    Water    Power. 

8vo.     3  00 
Mason's  Water-supply.     (Considered    Principally   from   a   Sanitary   Stand- 
point.)   - 8vo, 

*  Merriman's  Treatise  on  Hydraulics.     9th  Edition,  Rewritten 8vo, 

*  Molitor's  Hydraulics  of  Rivers,  Weirs  and  Sluices 8vo, 

*  Morrison  and  Brodie's  High  Masonry  Dam  Design Svo, 

*  Richards's  Laboratory  Notes  on  Industrial  Water  Analysis Svo, 

Schuyler's  Reservoirs  for  Irrigation,  Water-power,  and   Domestic  Water- 
supply.     Second  Edition,  Revised  and  Enlarged Large  8vo. 

*  Thomas  and  Watt's  Improvement  of  Rivers 4to, 

Tumeaure  and  Russell's  Public  Water-supplies Svo, 

*  Wegmann's  Design  and  Construction  of  Dams.     6th  Ed.,  enlarged 4to, 

Water-Supply  of  the  City  of  New  York  from  1658  to  1895 4to, 

Whipple's  Value  of  Pure  Water Large  l2mo, 

Williams  and  Hazen's  Hydraulic  Tables Svo, 

Wilson's  Irrigation  Engineering Svo, 

Wood's  Turbines Svo, 


MATERIALS   OF   ENGINEERING. 

Baker's  Roads  and  Pavements Svo. 

Treatise  on  Masonry  Construction Svo, 

Black's  United  States  Public  Works Oblong  4to. 

*  Blanchard    and    Drowne's    Highway    Engineering,    as    Presented    at    the 

Second  International  Road  Congress,  Brussels,  1910 Svo. 

Bleininger's  Manufacture  of  Hydraulic  Cement.     (In  Preparation.) 

*  Bottler's  German  and  American  Varnish  Making.     (Sabin.) .  .Large  12mo, 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering Svo, 

Byrne's  Highway  Construction Svo. 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

16mo, 

Church's  Mechanics  of  Engineering Svo, 

Mechanics  of  Solids  (Being  Parts  I.  II,  III  of  Mechanics  of  Engineer- 
ing   Svo.     4  50 

Du  Bois's  Mechanics  of  Engineering. 

Vol.    I    Kinematics.  Statics,  Kinetics Small  4  to,     7  50 

Vol.  II.  The  Stresses  in  Framed  Structures,  Strength  of  Materials  and 

Theory  of  Flexures Small  4to.   10  00 

*  Eckel's  Building  Stones  and   Clays Svo.     3  00 

*  Cements,  Limes,  and  Plasters Svo.  6  00 

Fowler's  Ordinary  Foundations Svo,  3  50 

*  Greene's  Structural  Mechanics Svo.  2  60 

HoUey's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

*  Lead  and  Zinc  Pigments Large  12mo,     3  00 
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•  Hubbard's  Dust  Preventives  and  Road  Binders 8vo,  $3  00 

Johnson's  (C.  M.)  Rapid  Methods  for  the  Chemical  Analirsisof  Special  Steels. 

Steel-making  Alloys  and  Graphite Large  12mo,  3  00 

Johnson's  (J.  B.)  Materials  of  Construction Large  8vo,  6  00 

Keep's  Cast  Iron 8vo,  2  50 

Lanza's  Applied  Mechanics. 8vo,  7  50 

Lowe's  Paints  for  Steel  Structures 12mo.  1  00 

Ma're's  Modem  Pigments  and  their  Vehicles 12rao,  2  00 

•  Martin's  Text  Book  on  Mechanics.     Vol.  I.    Statics 12mo.  1  25 

♦  Vol.  n.     Kinematics  and  Kinetics 12mo,  1  50 

•  Yol.  III.   Mechanics  of  Materials 1 2mo,  1  50 

Maurer's  Technical  Mechanics 8vo,  4  00 

Merrill's  Stones  for  Building  and  Decoration 8vo.  5  00 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

♦  Strength  of  Materials 12mo,  1  00 

Metcalf 's  Steel.     A  Manual  for  Steel-users 12mo,  2  00 

Morrison's  Highway  Engineering 8vo,  2  50 

•  Murdock's  Strength  of  Materials 12mo,  2  00 

Patton's  Practical  Treatise  on  Foundations 8vo,  5  00 

Rice's  Concrete  Block  Manufacture 8vo,  2  00 

Richardson's  Modem  Asphalt  Pavement 8vo,  3  00 

Richey's  Building  Foreman's  Pocket  Book  and  Ready  Reference.  16mo.  mor.  5  00 

*  Cement  Workers'  and  Plasterers'  Edition  (Building  Mechanics'  Ready 

Reference  Series) 16mo,  mor.  1  60 

Handbook  for  Superintendents  of  Construction 16mo,  mor.  4  00 

*  Stone    and    Brick    Masons'     Edition    (Building    Mechanics'    Ready 

Reference  Scries) 16mo,  mor.  1  50 

♦  Ries's  Clays :  Their  Occurrence.  Properties,  and  Uses 8vo.  5  00 

*  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United  <• 

States 8vo,  2  50 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo,  3  00 

*  Smith's  Strength  of  Material 12mo,  1  25 

Snow's  Principal  Species  of  Wood 8vo,  3  60 

Spalding's  Hydraulic  Cement 12mo.  2  00 

Text-book  on  Roads  and  Pavements 12mo.  2  00 

♦  Taylor  and  Thompion's  Concrete  Costs Small  8vo,  5  00 

♦  Extracts  on  Reinforced  Concrete  Design 8vo,  2  00 

Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  6  00 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo,  8  00 

Part  I.     Non-metallic  Materials  of  Engineering  and  Metallurgy.. .  .8vo.  2.00 

Part  II.     Iron  and  Steel 8vo.  3  50 

Part  III.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Tillson's  Street  Pavements  and  Paving  Materials 8vo.  4  00 

Tumeaure  and  Maurer's  Principles  of  Reinforced  Concrete  Construction. 

Second  Edition.  Revised  and  Enlarged 8vo,  3  50 

Waterbury's  Cement  Laboratory  Manual 12mo,  I  00 

*  Laboratory  Manual  for  Testing  Materials  of  Construction 12mo.  1  50 

Wood's  (Dc  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  2  00 

Wood's  (M.  P.)  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo,  4  00 

RAILWAY    ENGINEERING. 

Andrews's  Handbook  for  Street  R-iilway  Engineers 3X5  inches,  mor.  1   25 

Berg's  Buildings  and  Structures  of  American  Railroads 4to.  6  00 

Brooks's  Handbook  of  Street  Railroad  Location lOmo.  mor.  1  50 

♦  Burt's  Railway  Station  Service t2mo,  2  00 

Butts's  Civil  Engineer's  Field-book 16mo,  mor.  2  50 

Crandall's  Railway  and  Other  Earthwork  Tables 8vo.  1  50 

Crandall  and  Barnes's  Railroad  Surveying 16mo,  mor.  2  00 

•  Crockett's  Methods  for  Earthwork  Computations 8vo,  1   60 

Dredge's  History  of  the  Pennsylvania  Railroad.  (1879) Paper,  5  00 

Fishers  Table  of  Cubic  Yards Cardboard.  25 

*  Gilbert  Wightinan  and  Saunders's  Subways  and  Tunnels  of  New  York.  8vo,  4  00 
Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide.  .lOmo,  mor.  2  50 
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Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Rm> 

bankments. / 8vo, 

Ives  and  Hilts's  Problems  in  Surveying.  Railroad  Surveying  and  Geodesy 

Iftmo,  mor. 

Molitor  and  Beard's  Manual  for  Resident  Engineers 16mo. 

Nagle's  Field  Manual  for  Railroad  Engineers 16mo.  mor. 

•  Orrock's  Railroad  Structures  and  Estimates 8vo, 

Philbrick's  Field  Manual  for  Engineers 16mo.  mor. 

Raymond's  Railroad  Field  Geometry 16mo,  mor. 

Elements  of  Railroad  Engineering 8vo, 

Railroad  Engineer's  Field  Book.     (In  Preparation.) 

Roberts'  Track  Formuke  and  Tables 16mo.  mor. 

Searles's  Field  Engineering 16mo.  mor. 

Railroad  Spiral 16mo,  mor. 

Taylor's  Prismoidal  Formulae  and  Earthwork 8vo, 

Webb's  Economics  of  Railroad  Construction Large  12mo. 

Railroad  Construction 16mo,  mor. 

Wellington's  Economic  Theory  of  the  Location  of  Railways Large  12mo, 

Wilson's  Elements  of  Railroad-Track  and  Construction 12mo, 

DRAWING. 

Barr  and  Wood's  Kinematics  of  Machinery 8vo, 

*  Bartlett's  Mechanical  Drawing 8vo. 

•  *•  ••  •'  Abridged  Ed 8vo. 

♦  Bartlett  and  Johnson's  Engineering  Descriptive  Geometr>' 8vo, 

Blessing  and  Darling's  Descriptive  Geometry.     (In  Press.) 

Elements  of  Drawing.     (In  Press.) 

Coolidge's  Manual  of  Drawing 8vo.  paper. 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to 

Durley's  Kinematics  of  Machines 8vo 

Emch's  Introduction  to  Projective  Geometry  and  its  Application 8vo 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo 

Jamison's  Advanced  Mechanical  Drawing 8vo 

Elements  of  Mechanical  Drawing 8vo 

Jones's  Machine  Design : 

Part  I.    Kinematics  of  Machinery 8vo 

Part  II.  Form,  Strength,  and  Proportions  of  Parts 8vo 

•  Kimball  and  Barr 's  Machine  Design 8vo 

MacCord's  Elements  of  Descriptive  Geometry 8vo 

Kinematics;  or,  Practical  Mechanism 8vo 

Mechanical  Drawing 4to 

Velocity  Diagrams 8vo 

McLeod's  Descriptive  Geometry Large  12mo 

•  Mahan's  Descriptive  Geometry  and  Stone-cutting 8vo 

Industrial  Drawing.      (Thompson.) 8vo 

Moyer's  Descriptive  Geometry Gvo 

Reed's  Topographical  Drawing  and  Sketching 4to 

♦  Reid's  Mechanical  Drawing.     (Elementary  and  Advanced.) .8vo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.. 8vo 

Robinson's  Principles  of  Mechanism .«• 8vo 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.) 8vo 

♦  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo 

Tracy  and  North's  Descriptive  Geometry.     (In  Press.) 

Warren's  Elements  of  Descriptive  Geometry.  Shadows,  and  Perspective.  .8 vo 

Elements  of  Machine  Construction  and  Drawing 8vo 

Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  . . .  12mo 

General  Problems  of  Shades  and  Shadows 8vo 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Forms  and 

Shadow 12mo 

Manual  of  Elementary  Projection  Drawing I2mo 

Plane  Problems  in  Elementary  Geometry 12mo 

Weisbach's    Kinematics    and    Power    of    "Transmission.     (Hermann    and 
Klein. ) 8vo 

Wilson's  (H.  M.)  Topographic  Surveying 8vo 
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FTw--b«ni  Len«sc      Sx\v      1  *V 

FTor-'nand  PersM!ci:\ie.  Swv.     J  ,V> 

Wool:'  s  F.wnTWT.STi  Coorae  it  I>e»cn?S3ve  ^IWtfcaesnt- La7«e  :jt\\v     $  Oft 

KIJCTTMCnT  AXB  PHTSICSL 

•  AbcGE  5  TSmoct  nf  Ewrtm'ytir  IhssKKiaxkm.     vvor.  Ea.lf-". linux     1  55 

Aadrrv^  s  H*ad-b«ik  ice  Strwe:  RBihm.-  Ejyjawers. ....      S  V  5  nw-bcs  stkv.     I  35 
AntbacT  «ni  B&E  s  Lecnrr-noJes  oa:  the  Theory-  o:  Ekfciriojii   Mmusq?^ 

raeazs.   li^m.v  I  iV 

Arihciry  «nd  Bnckfc:  $  Text-Svjk  o:  Pfc\*s»C3i.     v>t««i^      •      Ijcue  l?m.\  t  00 

Ben-acrur.  *  History  of  EiecsricitT !iivv\  il  *V 

Bert*  f  Lead  Rcnniajjc  «ni  EJectrcO^-s;^ .     Svo.  4  tV 

•  Bcrpess  and  Le  ChAtebc?  s  UeuanvxDexit  oc  Hiirk  Tctr.pcT*:urr*.     Third 

EdatiMi-                                                                                                      Svo.  4  iX> 

Ciasser  5  C*3mntat*tive  Cliesriic*:  AnA^-isis  by  Ewcrrok'x-sas.      ^Boltrnvvvi     Svo.  Jl  iW 

•  Coliins-  5  Mjuaual  of  Wireiestf  TrJe^rmrihy  jind  Tck^h^iny l:^mv\  1  50 

CrehccT  mstz  S^aier  s  Polanzinf  Phorcv-chronofirmph Swv.  3i  tV 

•  Dasrwel"*  EiecsTxrhesnisCT-      vMcrn*ra llJmok.  1   25 

Dawsocs  "  EsfizieesTDfi  "  *ai  Ekcaic  Tractira  PvX"fcei-Sx>k .  .  .  ,  Iftno.  tnor.  5  iX> 
Doirrairk's  Theory  of  the  Lead  Accns^ulator  vStora^  Battery  \     v^on  En.)e  ^ 

I2n»c\  2  50 

Dahes^s  Thermodynaasics  and  Chcraistrj'.      ^BnriRSis^'' Sw\  4  00 

Flaiher's  I>yna=KRnexer&.  and  the  Measurement  of  Pow«- I2n>».v  S  00 

•  GeT-^.ar.'s  Introdactian  to  Physk-al  Science. l^mo,  I  5l> 

GiTbert's  De  Macnete.     vMott^y  ' Sv\\  2  5*1 

•  Haachett's  Altemarinc  Cuiieuts 1  inv.y  I  W 

Herisc's  Ready  Reference  Tables  tCom'v-ersion  Factarsi^ K»m*>.  mor  2  54"! 

•  Hobart  and  EIEs's  Hifih-speed  D\"namo  Electric  Machiner\' Svo.  6  iX* 

Hohnan's  Precision  of  MeasuresMnts. Sv»>.  i  iXl 

Teicscope- Mirror-scale  Method.  Adjustmenli^  and  Test*  .    ..Larjuc  Sv\\     0  75 

•  Hutchinson's    Higfa-EfSciency    Electrical    liluminar.ts  anv)   ir.u:r.inAtion. 

Large  12nn%.     i  50 

•  Jones's  Electric  Ignition Svv^,     4  00 

KarapetofT  s  Experircental  Electrical  Engineering: 

•  Vol    I    S\x\  3  5t> 

•  Vol.  II S\\>.  2  5i^ 

Kinzbronner's  Testing  of  Continuous-current  Machines Sw».  2  tW 

•  Koch's  Mathematics  of    Applied   Electricity Small  S\h>.  S  tW 

Lan-iauer's  Spectrum  Analysis.     (, Tingle,  ^ S\\\  S  tX> 

•  Lauffer  s  Electrical    Injuries. U^mi\  0  ."SO 

Lob's  Electrochemistry  of  Organic  Comix>unds.     iLorm>.'> Svo.  Jl  00 

•  L>-ndon's  Development  and  Electrical  Distributiv^n  of  Water  IVnver.  .8vo.  ;l  00 

•  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  1.  and  U  Svo,  eavh,  6  tW 

•  Michie's  Elements  of  Wave  Motion  Relating  to  Soun^l  and  Light Hv%>,  4  00 

•  Morgan's  Physical  Chemistry  for  Electrical  Engineers Tiino,  I   »V0 

•  Norrii's  Introduction  to  the  Study  of  Electrical  Engineering Svo,  2  5i) 

Xorris  and  Dcnnison's  Course  of  Problems  on  the  Electrical  Characteristics  of 

Circuits  and  Machines.     (In  Press.) 

•  Parshall  and  Hobart's  Electric  Machine  Design 4to.  half  mor,   13  50 

Reagan's  Locomotives:  Simple.  Compound,  and  Electric.     New  Edition 

Large  l2mo, 

•  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinibrunner.).  .Svo, 

•  Ryan's  Design  of  Electrical  Machinery: 

•  Vol.  1.   Direct  Current  Dynamos Svt>, 

Vol.  II.  Alternating  Current  Transformers Svo, 

Vol.  III.  Alternators.    Synchronous    Motors,    and    Rotary    C*>nvcrlor«. 

(In  Preparation.) 

Ryan.  Norris.  and  Hoxie's  Text  Book  of  Electrical  Machinery Svo, 

Schapper's  Laboratory  Guide  for  Students  in  Physical  Chemistry 12ino, 

•  Tillman's  Elementary  Lessons  in  Heat Sv(\ 

•  Timbie's  Elements  of  Electricity Large  12mo. 

•  Answers  to  Problems  in  Elements  of  Electricity I2mt>,  Pa|>er 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics l^arge  1 2iuo. 

Ulke's  Modem  Electrolytic  Copper  Refining Svo, 

•  Waters's  Commercial  Dynamo  Design Mvi>, 
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*  Brennan's  Hand-book  of  Useful   Legal   Information  for  Business  Men. 

lOmo.  mor.  S5  00 

♦  Davis's  Elements  of  Law 8vo,  2  60 

*  Treatise  on  the  Military  Law  of  United  States 8vo,  7  00 

•  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial. .  Large  12mo.  2  50 

Manual  for  Courts- martial 16mo,  mor.  1  60 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep.  6  60 

Law  of  Contracts gvo,  3  00 

Law  of  Operations  Preliminary   to  Construction   in   Engineering  and 

Architecture gvo,  5  00 

Sheep.  6  60 

MATHEMATICS. 

Baker's  Elliptic  Functions 8vo,  ]   60 

Briggs's  Elements  of  Plane  Analytic  Geometry.     (Bdcher.) 12mo.  1  00 

•  Buchanan's  Plane  and  Spherical  Trigonometry gvo,  1  00 

Byerly's  Harmonic  Functions. gvo.  1  00 

Chandler's  Elements  of  the  Infinitesimal  Calculus 12mo,  2  00 

♦  Coffin's  Vector  Analysis 12mo,  2  50 

Comptor\,'*- Manual  of  Logarithmic  Computations 12mo,  1  60 

♦  Dickson's  College  Algebra Large  12mo.  1  60 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  12mo,  1  26 

Emch's  Introduction  to  Projective  Geometry  and  its  Application gvo,  2  60 

Fiske's  Functions  of  a  Complex  Variable gvo,  1  00 

Halsted's  Elementary  Synthetic  Geometry gvo,  1  60 

Elements  of  Geometry gvo,  1  75 

♦  Rational  Geometry 12mo,  1  60 

Synthetic  Projective  Geometry gvo,  1  00 

*  Hancock's  Lectures  on  the  Theory  of  Elliptic  Functions gvo,  5  00 

Hyde's  Grassmann'i  Space  Analysis gvo.  1  00 

*  Johnson's  (J.  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  size,  paper,  0  15 

♦  100  copies,  5  00 

*  Mounted  on  heavy  cardboard,  g  X  10  inches,  0  25 

*  10  copies.  2  00 
Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  Integral  Calculus. 

Large  12mo,  1  vol.  2  50 

Curve  Tracing  in  Cartesian  Co-ordinates 12mo,  1  00 

Differential  Equations gvo,  1  00 

Elementary  Treatise  on  Differential  Calculus Large  12mo,  1  50 

Elementary  Treatise  on  the  Integral  Calculus Large  12mo.  1  50 

•  Theoretical  Mechanics 12mo,  3  00 

Theory  of  Errors  and  the  Method  of  Least  Squares. 12mo,  1  50 

Treatise  on  Differential  Calculus Large  12mo,  3  00 

Treatise  on  the  Integral  Calculus Large  12mo,  3  00 

Treatise  on  Ordinary  and  Partial  Differential  Equations.  .  .Large  12mo,  3  50 

Karapetoff's  Engineering  Applications  of  Higher  Mathematics: 

*  Part  I.  Problems  on  Machine  Design Large  12mo.  0  75 

♦  Koch's  Mathematics  of  Applied    Electricity 8vo,  3  00 

Laplace's  Philosophical  Essay  on  Probabilities.  (Truscott  and  Emory.) .  12mo,  2  00 

♦  Le  Messurier's  Key  to  Professor  W.  W.  Johnson's  Differential  Equations. 

Small  gvo.  1   75 

♦  Ludlow's  Logarithmic  and  Trigonometric  Tables gvo,  1  00 

*  Ludlow  and  Bass's  Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables gvo.  3  00 

*  Trigonometry  and  Tables  published  separately Each.  2  00 

Macfarlane's  Vector  Analysis  and  Quaternions gvo,  1  00 

McMahon's  Hyperbolic  Functions gvo,  1  00 

Manning's  Irrational  Numbers  and  their  Representation  by  Sequences  and 

Series 12mo,  1   25 

•  Martin's  Text  Book  on  Mechanics.     Vol.  I.  SUtics 12mo,  1   26 

*  Vol.  II.     Kinematics  and  Kinetics '.  .  12mo,  1    60 

*  Vol.  III.   Mechanics  of  Materials 12mo,  1   50 

1-2 


Mathematical   Monographs.     Edited  by  Mansfield  Merriman  and   Robert 

S.  Woodward Octavo,  each  $1  00 

No.  1.  History  of  Modem  Mathematics,  by  David  Eugene  Smith. 
No.  2.  Synthetic  Projective  Geometry,  by  George  Bruce  Habted. 
No.  3.  Determinants,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic Functions,  by  James  McMahon.  No.  6.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Sp'ice  Analysis, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  0.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  10.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  11.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics 8vo.     4  00 

Merriman's  Method  of  Least  Squares 8vo,     2  00 

Solution  of  Equations 8vo.     1  00 

*  Moritz's  Elements  of  Plane  Trigonometry 8vo,     2  00 

Rice  and  Johnson's  Differential  and  Integral  Calculus.     2  vols,  in  one. 

Large  12mo.     1  50 

Elementary  Treatise  on  the  Differential  Calculus Large  12mo.     3  00 

Smith's  History  of  Modem  Mathematics 8vo.     1  00 

*  Veblen  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analysis  of  Qne 

Variable 8vo,     2  00 

*  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2|X5i  inches,  mor.     100 

*  Enlarged  Edition,  Including  Tables mor.     1  50 

Weld's  Determinants 8vo.     1  00 

Wood's  Elements  of  Co-ordinate  Geometry 8vo,     2  00 

Woodward's  Probability  and  Theory  of  Errors 8vo.     1  00 

MECHANICAL   ENGINEERING. 

MATERIALS   OF   ENGINEERING.  STEAM-ENGINES   AND    BOILERS. 

Bacon's  Forge  Practice 1 2mo, 

Baldwin's  Steam  Heating  for  Buildings I2mo, 

Barr  and  Wood's  Kinematics  of  Machinery 8vo, 

*  Bartlett's  Mechanical  Drawing 8vo, 

*  ••  ••  "       Abridged  Ed 8vo. 

*  Bartlett  and  Johnson's  Engineering  Descriptive  Geometry 8vo, 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo, 

Carpenter's  Heating  and  Ventilating  Buildings 8vo, 

*  Carpenter  and  Diederichs's  Experimental  Engineering 8vo, 

*  Clerk's  The  Gas,  Petrol  and  Oil  Engine 8vo, 

Compton's  First  Lessons  in  Metal  Working 12mo, 

Compton  and  De  Groodt's  Speed  Lathe 12mo, 

Coolidge's  Manual  of  Drawing 8vo,  paper, 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  En- 
gineers  Oblong  4to, 

Cromwell's  Treatise  on  Belts  and  Pulleys 12mo, 

Treatise  on  Toothed  Gearing 1 2mo, 

Dingey's  Machinery  Pattern  Making 12mo, 

Durley's  Kinematics  of  Machines 8vo, 

Flanders's  Gear-cutting  Machinery Large  12mo, 

Flather's  Dynamometers  and  the  Measurement  of  Power 12mo, 

RojMS  Driving 12mo, 

Gill's  Gas  and  Fuel  Analysis  for  Engineers r2mo, 

Goss's  Locomotive  Sparks 8vo. 

*  Greene's  Pumping  Machinery 8vo. 

Hering's  Ready  Reference  Tables  (Conversion  Factors^ 16mo.  mor. 

*  Hobart  and  EUiss  High  Speed  Dynamo  Electric  Machinery 8vo, 

Hutton's  Gas  Engine 8vo, 

Jamison's  Advanced  Mechanical  Drawing 8vo, 

Elements  of  Mechanical  Drawing 8vo, 

Jones's  Gas  Engine 8vo. 

Machine  Design: 

Part  I.      Kinematics  of  Machinery 8vo. 

Part  II.     Form.  Strength,  and  Proportions  of  Parts 8vo, 
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*  Kaup's  Machine  Shop  Practice Large  12xno  $1  25 

*  Kent's  Mechanical  Engineer's  Pocket- Book 16mo,  mor.  5  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  00 

•  Kimball  and  Barr's  Machine  Design 8vo,  3  00 

*  King's  Elements  of  the  Mechanics  of  Materials  and  of  Power  of  Trans- 

mission   8vo,  2  50 

*  Lanza's  Dynamics  of  Machinery 8vo,  2  50 

Leonard's  Machine  Shop  Tools  and  Methods 8vo.  4  00 

♦  Levin's  Gas  Engine 8vo,  4  00 

*  Lorenz's  Modem  Refrigerating  Machinery.  (Pope.  Haven,  and  Dean)..8vo.  4  00 
MacCord's  Kinematics;  or.  Practical  Mechanism 8vo,  5  00 

Mechanical  Drawing 4to.  4  00 

Velocity  Diagrams 8vo,  1  60 

MacParland's  Standard  Reduction  Factors  for  Gases 8vo,  1  50 

Mahan's  Industrial  Drawing.     (Thompson.) 8vo.  3  50 

Mehrtens's  Gas  Engine  Theory  and  Design Large  12mo,  2  50 

Miller,  Berry,  and  Riley's  Problems  in  Thermodynamics  and  Heat  Engineer- 
in  j  8vo.  paper,  0  75 

Oberg's  Handbook  of  Small  Tools Large  12mo.  2  50 

*  Parshall  and  Hobart's  Electric  Machine  Design.  Small  4to.  half  leather.  12  50 

*  Peele's  Compressed  Air  Plant.    Second  Edition,  Revised  and  Enlarged .  8vo,  3  50 

•  Perkins's  Introduction  to  General  Thermodynamics 12mo.  1  50 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

♦  Porter's  Engineering  Reminiscences.  1855  to  1882 8vo,  3  00 

Randall's  Treatise  on  Heat.     (In  Press.) 

•  Reid's  Mechanical  Drawing.     (Elementary  and  Advanced.) 8vo.  2  00 

Text- book  of  Mechanical  Drawing  and  Elementary  Machine  Design.8vo.  3  00 

Richards's  Compressed  Air 12mo.  1  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo.  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo.  3  00 

Smith's  (O.)  Press-working  of  Metals 8vo,  3  00 

Sorel's  Carbureting  and  Combustion  in  Alcohol  Engines.     (Woodward  and 

Preston.) Large  12mo.  3  00 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo,  3  50 

Thurston's  Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics. 

12mo.  1  00 

Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill  Work . . .  8vo,  3  (X) 

♦  Tillson's  Complete  Automobile  Instructor 16mo,  1  50 

•  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo,  1  25 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo,  7  50 

♦  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2iX5i  inches,  mor.  1  00 

*  Enlarged  Edition.  Including  Tables mor.  1  50 

Weisbach's    Kinematics   and    the    Power   of   Transmission.     (Herrmann — 

Klein.) 8vo,  5  00 

Machinery  of  Transmission  and  Governors.     (Hermann — Klein.).  .8vo,  5  00 

Wood's  Turbines 8vo,  2  50 

MATERIALS   OF   ENGINEERING. 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo,  7  50 

Church's  Mechanics  of  Engineering 8vo,  6  00 

Mechanics  of  Solids  (Being  Parts  I,  II,  III  of  Mechanics  of  Engineering). 

8vo.  4  50 

♦  Greene's  Structural  Mechanics 8vo,  2  50 

HoUey's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

*  Lead  and  Zinc  Pigments Large  12mo.  3  00 

Johnson's  (C.  M.)  Rapid    Methods   for   the  Chemical    Analysis   of   Special 

Steels,  Steel-Making  Alloys  and  Graphite Large  12mo.  3  00 

Johnson's  (J.  B.)  Materials  of  Construction 8vo,  6  00 

Keep's  Cast  Iron 8vo.  2  60 

*  King's  Elements  of  the  Mechanics  of  Materials  and  of  Power  of  Trans- 

mission   8vo,  2  50 

Lanza's  Applied  Mechanics 8vo,  7  60 

Lowe's  Paints  for  Steel  Structures 12mo,  1  00 

Maire's  Modem  Pigments  and  their  Vehicles 12mo,  2  00 
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Maurer's  Technical  Mechanics 8vo, 

Merriman's  Mechanics  of  Materials 8vo, 

•  Strength  of  Materials 12mo. 

Metcalf's  Steel.     A  Manual  for  Steel-users 12mo. 

*  Mtirdock's  Strength  of  Materials 12mo, 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo. 

Smith's  (A.  W.)  Materials  of  Machines 12mo. 

*  Smith's  (H.  E.)  Strength  of  Material 12mo. 

Thurston's  Materials  of  Engineering 3  vols..  8vo. 

Part  I.     Non-metallic  Materials  of  Engineering 8vo. 

Part  II.     Iron  and  Steel 8vo. 

Part  III.  A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 
Constituents 8vo. 

*  Waterbury's  Laboratory  Manual  for  Testing  Materials  of  Construction. 

12mo. 

Wood's  (De  V.)  Elements  of  Analytical  Mechanics 8vo. 

Treatise  on    the    Resistance   of   Materials   and    an    Appendix   on    the 

Preservation  of  Timber 8vo.     2  00 

Wo-d's  (M.  P.)  Rustless  Coatings*    Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo.     4  00 

STEAM-ENGINES   AND   BOILERS. 

Berry's  Temperature-entropy  Diagram.     Third   Edition   Revised  and  En- 
larged  12mo. 

Camot's  Reflections  on  the  Motive  Power  of  Heat.     (Thurston.) 12mo, 

Chase's  Art  of  Pattern  Making 12mo. 

Creighton's  Steam-engine  and  other  Heat  Motors 8vo. 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  .. .  16mo.  mor. 

*  Gebhardt's  Steam  Power  Plant  Engineering 8vo, 

Goss's  Locomotive  Performance 8vo, 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy 12mo, 

Hirshfeld  and  Barnard's  Heat  Power  Engineering.     (In  Press.) 

Hutton's  Heat  and  Heat-engines 8vo, 

Mechanical  Engineering  of  Power  Plants 8vo. 

Kent's  Steam  Boiler  Economy   8vo, 

Kneass's  Practice  and  Theory  of  the  Injector 8vo, 

MacCord's  Slide-valves 8vo, 

Meyer's  Modem  Locomotive  O>nstruction 4to. 

Miller,  Berry,  and  Riley's  Problems  in  Thermodynamics 8vo,  paper, 

Moyer's  Steam  Turbine 8vo, 

Peabody's  Manual  of  the  Steam-engine  Indicator 12mo, 

Tables  of  the  Properties  of  Steam  and  Other  Vapors  and  Temperature- 
Entropy  Table 8vo. 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines.  .  . .  8vo. 

•  Thermodynamics  of  the  Steam  Turbine 8vo, 

Valve-gears  for  Steam-engines 8vo, 

Peabody  and  Miller's  Steam-boilers 8vo, 

*  Perkins's  Introduction  to  General  Thermodynamics 12mo. 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Osterberg.) 12mo, 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric.     New  Edition. 

Large  12mo, 

Sinclair's  Locomotive  Engine  Running  and  Management 12mo, 

Smart's  Handbook  of  Engineering  Laboratory  Practice 12mo, 

Snow's  Steam-boiler  Practice 8vo, 

Spangler's  Notes  on  Thermodynamics 12mo, 

Valve-gears 8vo, 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo, 

Thomas's  Steam-turbines 8vo, 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indi- 
cator and  the  Prony  Brake 8vo, 

Manual  of  Steam-boilers,  their  Designs  Construction,  and  Operation  8vo, 

Manual  of  the  Steam-engine 2  vols.,  8vo, 

Part  I.     History,  Structure,  and  Theor>' 8vo, 

Part  II.     Design,  Construction,  and  Operation 8vo, 
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W^irenfennig's  Analysis  and  Softening  of  Boiler  Peed-water.    (Patterson.) 

8vo.  $4  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) 8vo,  5  00 

Whitham's  Steam-engine  Design 8vo.  5  00 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigerating  Machines. .  .8vo.  4  00 

MECHANICS   PURE  AND   APPLIED. 

Church's  Mechanics  of  Engineering 8vo, 

Mechanics  of  Fluids  (Being  Part  IV  of  Mechanics  of  Engineering). .  8vo, 

♦  Mechanics  of  Internal  Work 8vo, 

Mechanics  of  Solids  (Being  Parts  I.  II,  III  of  Mechanics  of  Engineering). 

8vo, 

Notes  and  Examples  in  Mechanics 8vo, 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools  .12mo, 
Du  Bois's  Elementary  Principles  of  Mechanics: 

Vol.    I.     Kinematics 8vo, 

Vol.  II.     Statics 8vo. 

Mechanics  of  Engineering.     Vol.    I Small  4to. 

Vol.  II Small  4to, 

♦  Greene's  Structural  Mechanics 8vo, 

*  Hartmann's  Elementary  Mechanics  for  Engineering  Students 12mo, 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Large  12mo. 

♦  Johnson's  (W.  W.)  Theoretical  Mechanics 12mo, 

^  King's  Elements  of  the  Mechanics  of  Materials  and  of  Power  of  Trans- 
mission   8vo, 

Lanza's  Applied  Mechanics 8vo, 

•  Martin's  Text  Book  on  Mechanics.  Vol.  I,  Statics 12mo, 

*  Vol.  II.     Kinematics  and  Kinetics 12mo, 

•  Vol.  III.  Mechanics  of  Materials 12mo. 

Maurer's  Technical  Mechanics 8vo, 

♦  Merriman's  Elements  of  Mechanics 12mo, 

Mechanics  of  Materials 8vo, 

*  Michie's  Elements  of  Analytical  Mechanics 8vo. 

Robinson's  Principles  of  Mechanism 8vo, 

Sanborn's  Mechanics  Problems Large  12mo, 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo, 

Wood's  Elements  of  Analytical  Mechanics 8vo, 

Principles  of  Elementary  Mechanics 12mo, 

MEDICAL. 

•  Abderhalden's  Physiological  Chemistry  in  Thirty   Lectures.     (Hall  and 

Defren.) 8vo.  5  00 

von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) 12mo.  1  00 

*  Bolduan's  Immune  Sera 12mo.  1  60 

Bordet's  Studies  in  Immunity.     (Gay.) , 8vo,  6  00 

•  Chapin's  The  Sources  and  Modes  of  Infection Large  12mo,  3  00 

Davenport's  Statistical  Methods  with  Special  Reference  to  Biological  Varia- 
tions  16mo,  mor.  1  50 

Ehrlich's  Collected  Studies  on  Immunity.     (Bolduan.) 8vo.  6  00 

•  Fischer's  Nephritis Large  12mo,  2  50 

*  Oedema 8vo.  2  00 

•  Physiology  of  Alimentation Large  12mo,  2  00 

*  de  Fursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins.) . .  .  Large  12mo.  2  50 

•  Hammarsten's  Text-book  on  Physiological  Chemistry.  (Mandel.)..  .  .8vo,  4  00 
Jackson's  Directions  fcr  Laboratory  Work  in  Physiological  Chemistry .  .8vo.  1  26 
Lassar-Cohn's  Praxis  of  Urinary  Analysis.     (Lorcnz.) 12mo.  1  00 

♦  Lauffer's  Electrical  Injuries. 16mo,  0  50 

Mandel's  Hand-book  for  the  Bio-Chemical  Laboratory. 12mo.  1  60 

•  Nelson's  Analysis  of  Drugs  and  Medicines 12mo.  3  00 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.      ( Fischer. )..12mo,  1  25 

*  Pozzi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (Cohn.).  .  12mo,  1  00 

Rostoski's  Serum  Diagnosi.s.     (Bolduan.) 12mo,  1  00 

Ruddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Whys  in  Pharmacy 12mo.     1  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorff.) 8vo.     2  50 
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*  Satterlee's  Outlines  of  Human  Embryology 12mo,  SI  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students 8vo.  2  50 

*  Whipple's  Tyhpoid  Fever Large  12mo,  3  00 

^  Woodhull's  Military  Hygiene  for  Officers  of  the  Line Large  12mo,  1  50 

•  Personal  Hygiene 12mo.  1  00 

Worcester  and  Atkinson's  Small  Hospitals  Establishment  and  Maintenance, 
and  Suggestions  for  Hospijal  Architecture,  with  Plans  for  a  Small 

Hospital 12mo,  1  25 

METALLURGY. 

Betts's  Lead  Refining  by  Electrolysis 8vo,  4  00 

Holland's  Encyclopedia  of  Pounding  and  Dictionary  of  Foundry  Terms  used 

in  the  Practice  of  Moulding 12mo.  3  00 

Iron  Founder 12mo.  2  50 

Supplement 12mo,  2  50 

*  Borchers's  Metallurgy.     (Hall  and  Hayward.) 8vo.  3  00 

*  Burgess  and  Le  Chatelier's  Measurement  of  High  Temperatures.     Third 

Edition 8vo,  4  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  1  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo,  mor.  3  00 

*  Ilcs's  Lead-smelting 12mo,  2  50 

Johnson's    Rapid   Methods  for  the  Chemical   Analysis  of  Special   Steels, 

Steel-making  Alloys  and  Graphite Large  12mo.  3  00 

Keep's  Cast  Iron 8vo,  2  50 

Mstcalf 's  Steel.     A  Manual  for  Steel-users 12mo,  2  00 

Minet's  Production  of  Alimiinum  and  its  Industrial  Use.     (Waldo.).  .  12mo,  2  50 

*  Palmer's  Foundry  Practice Large  12mo,  2  00 

*  Price  and  Meade's  Technical  Analysis  of  Brass 12mo.  2  00 

*  Ruer's  Elements  of  Metallography.     (Mathewson.) 8vo.  3  00 

Smith's  Materials  of  Machines ; .  I2mo,  1  00 

Tate  and  Stone's  Foundry  Practice 12mo,  2  00 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo,  8  00 

Part  I.      Non-metallic  Materials  of  Engineering,  see  Civil  Engineering, 
page  9. 

Part  II.    Iron  and  Steel ; 8vo.  3  50 

Part  III.  A  Treatise  on  Brasses.  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  60 

Ulke's  Modem  Electrolytic  Copp>er  Refining 8vo,  3  00 

West's  American  Foundry  Practice 12mo.  2  50 

Moulders'  Text  Book 12mo.  2  50 


MINERALOGY. 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1  50 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.) 8vo,  4  00 

Butler's  Pocket  Hand-book  of  Minerals 16mo,  mor.  3  00 

Chester's  Catalogue  of  Minerals 8vo.  paper,  1  00 

Cloth.  1  25 

•  Crane's  Gold  and  Silver 8vo,  5  00 

Dana's  First  Appendix  to  Dana's  New  "System  of  Mineralogy".  .Large  8vo,  1  00 
Dana's  Second  Appendix  to  Dana's  New  "  System  of  Mineralogy." 

Large  8vo,  1  50 

Manual  of  Mineralogy  and  Petrography 12mo,  2  00 

Minerals  and  How  to  Study  Them 12mo,  1  50 

System  of  Mineralogy Large  8vo,  half  leather,  12  50 

Text-book  of  Mineralogy 8vo,  4  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  I  00 

Eakle's  Mineral  Tables 8vo,  1  25 

•  Eckel's  Building  Stones  and  Clays 8vo,  3  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo.  mor.  3  00 

♦  Groth's  The  Ootical  Properties  of  Crystals.     (Jackson.) 8vo,  3  50 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo,  1  25 

*  Hayes's  Handbook  for  Field  Geologists lOmo.  mor.  1  50 

Iddings's  Igneous  Rocks 8vo,  5  00 

Rock  Minerals 8vo.  5  00 
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Johannsen's  Determination  of  Rock-forming  Minerals  in  Thin  Sections.  8vo. 

With  Thumb  Index  S5  00 

*  Martin's  Laboratory    Guide    to    Qualitative    Analysis    with    the    Blow- 

pipe  12mo,  0  60 

Merrill's  Non- metallic  Minerals:  Their  Occurrence  and  Uses 8vo.  4  00 

Stones  for  Building  and  Decoration 8vo,  5  00 

^  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Miners.*  Tests. 

8vo,  paper.  0  60 
Tables  of  Minerals,   Including  the  Use  of  Minerals  and  Statistics  of 

Domestic  Production 8vo,  1  00 

*  Pirsson's  Rocks  and  Rock  Minerals 12mo.  2  50 

*  Richards's  Synopsis  of  Mineral  Characters. 12mo,  mor.  1  25 

*  Ries's  Clays:  Their  Occurrence,  Properties  and  Uses 8vo,  5  00 

*  Ries  and  Leighton's  History  of  the  Clay-working  indusuy  of  the  United 

States 8vo,  2  50 

*  Rowe's  Practical  Mineralogy  Simplified 12mo,  1  25 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks 8vo,  2  00 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks 8vo,  2  00 

MINING. 

*  Beard's  Mine  Gases  and  Explosions. Large  12mo,  3  00 

*  Crane's  Gold  and  Silver 8vo,  6  00 

*  Index  of  Mining  Engineering  Literature 8vo,  4  00 

*  8vo,  mor.  5  00 

♦  Ore  Mining  Methods 8vo,  3  00 

*  Dana  and  Saunders's  Rock  Drilling 8vo,  4  00 

Douglas's  Un technical  Addresses  on  Technical  Subjects 12mo,  1  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

*  Gilbert  Wightman  and  Saunders's  Subways  and  Tunnels  of  New  York.  8vo.  4  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo.  mor.  3  00 

Ihlseng's  Manual  of  Mining. 8vo,  5  00 

*  Iles's  Lead  Smelting 12mo.  2  50 

*  Peele's  Compressed  Air  Plant 8vo,  3  50 

Riemer's  Shaft  Sinking  Under  Difficult  Conditions.     (Coming  and  Peele.)8vo.  3  00 

*  Weaver's  Military  Explosives 8vo,  3  00 

Wilson's  Hydraulic  and  Placer  Mining.     2d  edition,  rewritten 12mo,  2  50 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation Timo,  1  25 

SANITARY   SCIENCE. 

Association  of  State  and  National  Pood  and  Dairy  Departments,  Hartford 

Meeting.  1906 8vo,  3  00 

Jamestown  Meeting.  1907 8vo,  3  00 

*  Bashore's  Outlines  of  Practical  Sanitation 12mo,  1   25 

Sanitation  of  a  Country  House 12mo,  1  00 

Sanitation  of  Recreation  Camps  and  Parks 12mo.  1  00 

*  Chapin's  The  Sources  and  Modes  of  Infection Large  12mo.  3  00 

Folwell's  Sewerage.     (Designing.  Construction,  and  Maintenance.) 8vo,  3  00 

Water-supply  Engineering 8vo,  4  00 

Fowler's  Sewage  Works  Analyses 12mo,  2  00 

Fuertes's  Water-filtration  Works 12mo,  2  50 

Water  and  Public  Health 12mo,  1  50 

Gerhard's  Guide  to  Sanitary  Inspections 12mo,  1  50 

*  Modem  Baths  and  Bath  Houses 8vo.  3  (X) 

Sanitation  of  Public  Buildings 12mo,  1  50 

*  The  Water  Supply,  Sewerage,  and  Plumbing  of  Modem  City  Buildings. 

8vo,  4  00 

Hazen's  Clean  Water  and  How  to  Get  It Large  12mo.  1  50 

Filtration  of  Public  Water-supplies 8vo.  3  00 

*  Kinnicutt,  Winslow  and  Pratt's  Sewage  Disposal 8vo.  3  00 

Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo,  7  50 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological) 12mo,  1  25 

Water-supply.     (Considered  principally  from  a  Sanitary  Standpoint). 

8vo,  4  00 

*  Mast's  Light  and  the  Behavior  of  Organisms Large  12mo,  2  50 
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*  MerrimAn's  Elements  of  Sanitary  Engineering 8vo, 

Ogden's  Sewer  Construction 8vo, 

Sewer  Design 12mo, 

*  Ogden  and  Cleveland's  I^ctical  Methods  of  Sewage  Disposal  for  Res- 

idences, Hotels  and  Institutions 8vo, 

Parsons's  Disix>sal  of  Municipal  Refuse 8vo, 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo, 

*  Price's  Handbook  on  Sanitation 12mo, 

Richards's  Conservation  by  Sanitation 8vo, 

Cost  of  Cleanness 12mo, 

Cost  of  Pood.     A  Study  in  Dietaries 12mo, 

Cost  of  Living  as  Modified  by  Sanitary  Science 1 2mo, 

Cost  of  Shelter 12mo, 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo, 

*  Richey's     Plumbers',     Steam-fitters',    and    Tinners'     Edition     (Building 

Mechanics'  Ready  Reference  Series) 16mo.  mor. 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo. 

Soper's  Air  and  Ventilation  of  Subways 12mo, 

Tumeaure  and  Russell's  Public  Water-supplies 8vo, 

Venable's  Garbage  Crematories  in  America 8vo, 

Method  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo, 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Whipple's  Microscopy  of  Drinking-water 8vo, 

♦  Typhoid  Fever Large  12mo, 

Value  of  Pure  Water Large  12mo. 

Winslow's  Systematic  Relationship  of  the  Coccaceee Large  12mo. 

MISCELLANEOnS. 

*  Burt's  Railway  Station  Service 12mo, 

*  Chapin's  How  to  Enamel I2mo, 

Emmons's  Geological  Guide-book  of  the  Rocky  Moimtain  Exclusion  of  the 

International  Congress  of  Geologists Large  8vo, 

Ferrel's  Popular  Treatise  on  the  Winds 8vo, 

Fitzgerald's  Boston  Machinist 18mo. 

*  Fritz,  Autobiography  of  John 8vo, 

Gannett's  Statistical  Abstract  of  the  World 24mo, 

Haines's  American  Railway  Management 12mo, 

Hanausck's  The  Microscopy  of  Technical  Products.     (Winton) 8vo, 

Jacobs's  Betterment    Briefs.     A   Collection    of    Published    Pap>ers   on    Or- 
ganized Industrial  Efficiency 8vo, 

Metcalfe's  Cost  of  Manufactures,  and  the  A,dministration  of  Workshops.. 8vo, 

*  Parkhurst's  Applied  Methods  of  Scientific  Management 8vo, 

Putnam's  Nautical  Charts 8vo, 

Ricketts's  History  of  Rens.selaer  Polytechnic  Institute  1824-1894. 

Large  12mo, 

*  Rotch  and  Palm.er's  Charts  of  the  Atmosphere  for  Aeronauts  and  Aviators. 

Oblong  4to, 

Rotherham's  Emphasised  New  Testament Large  8vo, 

Rust's  Ex-Meridian  Altitude.  Azimuth  and  Star-finding  Tables 8vc, 

Standage's  Decoration  of  Wood.  Glass.  Metal   etc 12mo, 

Westermaicr's  ComiHjndium  of  General  Botany.     (Schneider) 8vo, 

Winslow's  Elements  of  Applied  Microscopy 12mo, 

HEBREW   AND   CHALDEE   TEXT-BOOKS. 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  mor,     6  00 

Green's  Elementary  Hebrew  Grammar 12mo.     1  25 
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